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INTRODUCTION 
The following contribution from the State College Herbarium at Ames, 
Iowa, has been prepared for a three-fold purpose. First, to place on record 
a list of the Iowa species at present in the Herbarium; second, to serve as 
a guide to systematic students of our flora; and third, to enable collectors 
and correspondents to supply native and introduced plants not already 
represented in the collection by Iowa specimens. 
The value of a good workable Herbarium for ready reference to any 
institution of learning where botany is included in the courses, cannot be 
questioned, and this is more especially true of one which is more or less 
closely connected with forestry and agriculture. 
This Herbarium was begun about 1870 by Dr. C. E. Bessey, then Head 
of the Department of Botany. Its growth was comparatively slow until 
after Dr. L. H. Pammel became Head of the Department in February, 1889, 
a po.sition which he held for forty years. At the time Dr. Pammel came 
to the institution the collection numbered about 10,000 specimens. Since 
then its growth has been very rapid. The gift of his and the writer's 
private herbaria, the purchase of the Parry and a part of the Holway 
herbaria, the gift of a large and valuable grass collection by Dr. A. S. 
Hitchcock, the gift or purchase of numerous smaller collections, to which 
has been added the results of extensive field work by Dr. Pammel and other 
members of the staff, with numerous exchanges, have all combined to form 
a very valuable collection. Besides the plants listed in this paper, the 
Herbarium also contains an extensive and valuable collection of algae, the 
parasitic and other fungi, the lichens, hepatics, mosses and other forms 
of plant life, all of which fill a place in Nature's plan, and the study and 
understanding of which does much to broaden one's concept of the myriad 
forms of vegetable life. 
The flora of Iowa, while not as rich in species as that of some states 
having a more diversified topography, still compares quite favorably with 
the surrounding Plain States. Ours is a rapidly changing flora, since an 
unusually large proportion of our area consists of cultivated land, thus 
destroying many of our rarer prairie plants, while the draining of our 
marshes and shallow lakes, has greatly reduced the aquatic flora, which in 
pioneer days was so well represented. Then, too, the immigrant flora, 
largely European in origin, is increasing every year, numbering at present 
about 294 species, many of them troublesome weeds. 
While Iowa is largely a prairie state, yet its trees and shrubs are of 
considerable importance. The trees are represented by about 77 native 
and 15 introduced species which have escaped from cultivation; the shrubs 
and woody vines by 109 native and 8 escapes. 
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178 R. I. CRATTY 
Three genera of the rose family, Crataegus, Rubus and Rosa-the 
thorn apples, brambles, and wild roses, are of great taxonomic difficulty, 
and have never been worked up satisfactorily. This is partly owing to 
the fact that the specimens available for study, are not sufficiently com-
plete, with :flowers, leaves and mature fruit, to enable one in many cases 
to make a positive identification. Even with good material on hand, there 
are so many intermediate forms that these groups are very puzzling to 
every one who undertakes to understand them. 
The family names and their sequence in this paper follow Engler and 
Prantl, the system used in the Herbarium. Since there is no uniformity 
in the sequence of the genera and species as used by our modern systematists, 
that of Gray's Manual, 7th edition, has been quite closely followed, as it 
is more extensively used in our state than any other text. However, recent 
changes in nomenclature and the International Rules have made numerous 
changes in plant names seem advisable, but, where these occur, they are 
indicated by the synonyms which have been freely admitted. In this matter 
of accepted names the author has endeavored to be conservative. 
The rarity or abundance of each species has been indicated in a gen-
eral way, as well as its geographical distribution. When any plant listed 
is very rare, or is represented in the Herbarium by a single Iowa specimen, 
it is usually followed by the collector's name in parenthesis. 
The numbers preceding the names of the families of the :flowering 
plants are those used in the Herbarium index, and are given for convenience 
of reference for those using the Herbarium. For the same reason, also, 
each species is given a serial number, and each introduced plant is pre-
ceded by an asterisk, and followed by the native habitat in parenthesis. 
The author acknowledges his indebtedness for many favors to the late 
Dr. L. H. Pammel, to Dr. I. E. Melhus- the present Head of the Depart-
ment of Botany, and to other members of the staff who, in various ways, 
have been of great assistance. Thanks are also due numerous specialists 
who at various times have named or verified critical specimens. Among 
these latter are the late Dr. P.A. Rydberg of the New York Botanic Garden, 
Dr. A. S. Hitchcock and Mrs. Agnes Chase of the U. S. National Herbarium, 
Dr. C. R. Ball, the eminent authority on willows, Dr. B. L. Robinson, and 
other specialists at the Gray Herbarium, Mr. B. F. Bush of Courtney, Mo., 
Miss M. Rae Johns of Davenport and others. The author is also indebted 
to Miss Charlotte M. King for proof-reading and to Dr. J. C. Gilman for 
his critical examination of the manuscript, all of which is gratefully 
acknowledged. 
That the Iowa State College Herbarium may contain a more nearly 
complete representation of our flora, it is earnestly requested that anyone 
finding either native or introduced plants growing within our boundary 
and not listed in this paper, will send good specimens, suitable. for mount-
ing, with the locality, date and name of the collector. 
In conclusion it is hoped that this contribution may be of some assist-
ance to students of our :flora, and plant lovers in general, and help to 
awaken an interest in the living things around us. 
Department of Botany 
Iowa State College 
Sept. 1, 1932 
R. I. CRATTY 
Curato.r 
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PTERIDOPHYTA 
FERNS AND FERN ALLIES 
OPHIOGLOSSACEAE (Adder's Tongue Famvilty) 
Botrychium Sw. Moonwort 
1. B. o-Oliquum Muhl. Rare; Van Buren Co. (E.W. Graves) 
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2. B. teJrn(J,tum intermedium, D. C. Eaton. (B. silaifolium Presl) 
Very rare; only one plant found; Fayette Co., (Bruce Fink) 
3. B. dissectum Spreng. Rare; Van Buren Co., (E.W. Graves) 
4. B. virginianitm (L.) Sw. Grape Fern, Rattlesnake Fern. Fre-
quent in rich woods. 
OSMUNDACEAE (Flowering Fern Family) 
Osmunda (To urn.) L. 
5. 0. regalis L. Royal Fern. Infrequent. 
6. 0. cinnmnomea L. Cinnamon Fern. Infrequent. 
7. 0. CZayt<miana L. Clayton's Fern. Our commonest species of 
the genus. 
POLYPODIACEAE (Fern Faniily) 
Onoclea L. 
8. 0. sensibilis L. Sensitive Fern. Frequent throughout in moist 
woods. 
Pteretis Raf. 
9. P. nodulosa (Michx.) Nieuwl. ( Onoclea Struthiopteris of older 
manuals, but now considered distinct from the European plant, 
P. Struthiopte1·is Nieuwl.) Ostrich Fern. Infrequent in rich 
woods. 
Woodsia R. Br. 
10. W. scopulina D.C. Eaton. Very rare; Gitchie Manitou State 
Park, Lyon Co. (Shimek, Cratty and Melhus). 
11. W. obtusa (Spreng.) Torr. Frequent in rocky ravines; central 
and eastern sections. 
Filix Adans. 
12. F. bulbifera (L.) Underw. (Cystopteris Bernh.) Frequent in 
the eastern part. 
13. F. fragilis (L.) Underw. (Cystopteris Bernh.) Very common 
in rich, open woods. 
Polystichum Roth. 
14. P. acrostichoides (Michx.) Schott. (Aspidium Sw.) Christmas 
Fern. Frequent in the eastern part. 
Phegopteris (Presl.) Fee. Oak Fern, Beech Fern. 
15. P. polypodioides Fee. (Dryopteris C. Chr.) Frequent in the 
northeastern part. 
16. P. hexagonoptera (Michx.) Fee. (Dryopteris C. Chr.) Fre-
quent in the eastern half. 
17. P. Dryopteris (L.) Fee. ,(Dryopteris Britton) Infrequent 
northeast. 
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18. P. Robertiana (Hoff.) A. Br. (P. oolcarea Fee, Dryopteris C. 
Chr.) Rare on limestone rocks; northeastern. 
Dryopteris .A.dans. 
19. D. Thelypte·ris (L.) A. Gray. (Aspidium Sw.) Frequent in 
low ground in the eastern part. 
20. D. Goldiana (Hook.) A. Gray. (.Aspidium Hook.) Shield Fern. 
Infrequent. 
21. D. cristata (L.) A. Gray. Rare; Muscatine Co. (Ferd Reppert). 
22. D. marginalis (L.) A. Gray. (Aspidium Sw.) Evergreen Wood 
Fern. Infrequent; Hardin and Allamakee counties. 
23. D. spinulosa (Muell.) Kuntze. (Aspidium Sw.) Frequent in 
the eastern part and quite variable. 
Camptosorus Link. 
24. C. rhizophyllus (L.) Link. Walking Fern. Frequent in rocky, 
shady ravines. 
Asplenium L. 
25. A. platyneuron (L.) Oakes. Ebony spleenwort. Very rare; a 
small colony near Copras Creek, Van Buren Co. ( E. W. Graves) 
and Lee Co. (Jess L. Fults). 
26. A. pycnooorpon Spreng. (Asplenium angustifolium Michx.) 
Rare in the northeastern part. 
Athyrium Roth. 
27. A. thelypteroides (Michx.) Desv. (Asplenium acrostichoides 
Sw.) Infrequent. 
28. A. angustum (Willd.) Presl. (Asplenium Filix-foemina of our 
older Manuals not of L.) Lady Fern. Very common in rich, 
shady woods. 
AdiantumL. 
29. A. ped,atum L. Maidenhair Fern. Very common in rich woods. 
Pteridium Scop. 
30. P. aquilinum (L). Kuhn. (Pteris L.) Brake or Bracken. Wide-
ly distributed but common only locally. 
Cryptogramma R. Br. 
31. C. Stelleri (S.G. Gmelin) Prantl. (P,ell.aea gracilis Hook.) In-
frequent; Webster Co. and northeastward. 
Pellaea Link. 
32. P. glabella Mett. (P. atropurpurea in part of authors). North-
ern cliff Brake. Frequent on calcareous rocks, especially in the 
eastern part. 
33. P. atropurpurea (L.) Link. Southern Cliff Brake. Very rare 
in the southeastern part. Van Buren Co. (E. W. Graves). 
Cheilanthes Sw. 
34. C. Feei Moore. (C. lanuginosa Nutt.) Infrequent; northeast-
ern. 
Polypodium (Tourn.) L. 
35. P. virginianum L. (Not P. vulgare L.) Polypod. Common 
in rocky woods; a variable species. 
SALVINIACEAE 
Molla Lam. 
36. A. caroliniana Willd. Rare; Fremont and Allamakee counties. 
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EQUISETACEAE (Horse-tail Family) 
Equisetum (Tourn.) L. 
181 
37. E. arvense L. Small Scouring Rush. Very common in low 
ground. 
38. E. pratense Ehrh. Resembling the preceding. Rare in the east-
ern part. 
39. E. sylva,ticum L. Rare; Jasper and Chickasaw counties. 
40. E. fiuviatile L. (E. limosum L.) Frequent in our northern 
marshes. t.-
41. E. robustum A. Br. (E. hyemale var. A. A. Eaton) Large 
Scouring Rush. Common, especially on dry banks of streams. 
42. E. kansanum Schaffner. Frequent throughout in rather dry 
situations. Formerly confused with the next. 
43. E. laevigatum A. Br. Frequent on rather dry prairies; the 
cones pointed. 
LYCOPODIAOEAE (Club Moss Fami1y) 
Lycopodium. L. 
44. L. lucidulum Michx. Dubuque, Hardin, Chickasaw and Alla-
makee counties. Infrequent in cool, damp woods. 
45. L. obscurum L. (L. obscurum dendroidemn A. A. Eaton) Very 
rare; Jones Co. (E. E. Reed). 









3. TAXACEAE (Yew Family) 
Taxus (Tourn.) L. Yew 
48. T. canadensis Marsh. Frequent in the northeastern section. 
4. PINACEAE (Pine Fo:mi"{;y) 
Pinus (Tourn.) L. 
49. P. Strobus L. (Strobus Strobus Small) White Pine. Rare; 
Hardin and eastern counties. 
Abies (Tourn.) Hill. 
50. A. balsamea (L.) Mill. Balsam Fir. Infrequent. Winneshiek 
and Allamakee counties. 
Juniperus (Tourn.) L. 
51. J. communis L. Common Juniper. Infrequent in the north-
eastern section. 
52. J. virginiana L. Red Cedar. Common and also frequent in 
cultivation and as an escape. 
53. J. horiz<>ntalis Moench. Creeping Juniper. Very rare; Floyd 
county. 
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6. TYPHA:CEAE (Cat-tail Family) 
Typha (Tourn.) L. 
54. T. latifoli4 L. Cat-tail Flag. A common plant in shallow water. 
8. SPARGANIACEAE (Bur~reed Family) 
Sparganium (Tourn.) L. Bur-reed. 
55. S. eurycarpum Engelm. Large Bur-reed. Our commonest large-
fruited species in shallow water. 
56. S. androdadum (Engelm.) l\forong. (S. americanum var. Fern. 
& Eames). Rare in shallow water . . 
57. S. arn.ericanum Nutt. (S. simplex Nuttallii Engelm.) Infre-
. quent. 
58. S. chlorocarpum Rydb. (S. simplex in part, of Gray's Manual, 
6th Ed.) Rare ; Emmet and Story counties. 
59. S. angustifolium Mi~hx. Rare; Story Co. (Pearl Clayton) 
9. POTAMOGETONACEAE (Pond-weed Family) 
Potamogeton (Tourn.)' L. Pondweed. 
60. P. natans. L. Frequent jn shallow lakes and ponds. 
61. P. amplifolius Tuck. Frequent in shallow water. A large 
leaved species. 
62. P. epihydrus Raf. (P. Nuttallii Cham. & Schlecht.) Rare in 
ponds. 
63. P. americanus Cham. & Schlecht. (P. lonchites Tuck). Fre-
quent in streams. 
64. P. heterophylltts Schreb. Frequent in northern marshes. 
65. P. illinoensis Morong. Infrequent; ponds and streams, northern 
and eastern sections. 
66. P. praelongus Wulf. Rare; usually in quite deep water in lakes. 
67. P. Richardsonii (Benn.) Rydb. (P. pet·folwtus var. Benn.) 
Frequent in lakes and ponds; our most beautiful species. 
68. P. compressus L. (P. zosteraefolius Schum.) Frequent in lakes 1 
and ponds. 
69. P. foliosus Raf. Frequent; the var. niagarensis Tuck. is a rank 
form occurring in running water. 
70. P. Friesii Ruprecht. Infrequent in shallow lakes. 
71. P. pusillus L. Frequent; a delicate species in still water. 
72. P. dirnorphus Raf. (P. spirillus Tuck.) Rare in ponds. 
73. P. pectinatus L. Common. 
74. P. interruptus Kitaibel. Rare; Lake Okoboji, Dickinson Co. 
(F. W. Paige) . 
Za.nnichellia (Mich.) L. 
75. z. palustris L. Horned Pondweed. Rare in shallow water, 
margins of lakes. The var. pedunculata J. Gay, occurs in Mus · 
ca tine Co. (Barnes and Miller). 
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10. NAJADACEAE 
Najas L. Naiad. 
76. N. flexilis (Willd.) Rost. & Schmidt. Frequent in shallow water 
of lakes and ponds. 
12. JUNCAGINACEAE 
Triglochin L. Arrow-grass. 
77. T. palustris L. Very rare in a bog in Emmet Tp. Emmet Co. 
(B. 0. Wolden). 
78. T. maritima L. Rare in our northern marshes. 
Scheuchzeria L. 
79. S. palustris L. Very rare in peat bogs, Emmet Co. (R.I. Cratty, 
F.W. Paige). 
13. ALISMACEAE (Water Plantain Family) 
Alisma L. Water Plantain. 
80. A. subcordatum Raf. (A. plantago-aquatica of Am. authors, 
not of J_,,) Very common in low wet ground. 
Echinodorus Richard. 
81. E. cordifolius (L.) Griseb. Infrequent in shallow water. 
82. E. radicans (Nutt.) Engelm. Rare in similar situations. 
Lophotocarpus Th.Durand. 
83. L. wlycinus (Engelm.) J.G. Smith. Rare in Muscatine and 
Emmet counties; the lower flowers are perfect-the plant is 
apt to be confused with Sagittaria. 
Sagittaria L. Arrow-head. 
84. S. cuneata Sheldon (S. arifolia Nutt.) Common in marshes. 
85. S. latifolia Willd. Very common in marshes, and shallow water. 
The tubers of this plant were the W ab-es-i-pin-ig, or Swan 
Potato of the Chippewa Indians. • 
86. S. rigida Pursh. (S. heterophylla Pursh not Schreb.) Infre-
quent. 
87. S. cristata Engelm. Very rare in shallow water. The type 
collected in a small lake east of Armstrong, Emmet Co., since 
drained. (R.I. Cratty). Also in Minnesota. 
88. S. graminea Michx. Rare in the southern half of the state. 
15. HYDROCHARITACEAE 
Philotria Raf. 
89. P. ioensis Wylie. (Elodea canadensis in part of American 
authors). Frequent; ponds and slow streams. 
Vallisneria (Mich.) L. 
90. V. spiralis L. Tape-grass. Eel-grass. Wild or Water Celery; 
a favorite food of the canvas-back duck. Frequent in quiet 
water. 
17. GRAMINACEAE (Grass Family) 
Tripsacum L. 
91. T. dactyloides L. Gama-grass. Frequent in low ground in the 
southern counties. 
Andropogon (Royen) L. 
92. A. scoparitts Michx. (Schizachyriurn Nash). Common on up-
land prairies. 
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93. A fwrcatus Muhl. Blue-stem, Blue-joint. Very common; border 
of woods and on prairies. 
•94, A Hallii Hack. Rare; escaped from cultivation in Muscatine 
Co. (Western U.S.) . 
Sorgbastrum Nash. 
95. S. nutans (h) Nash. Indian-grass. A common and beautiful 
species. 
Sorghum L. 
~96. S. halepense (L.) Pers. Johnson-grass. Escaped in a few 
localities. S. vulgare Pers. Sorghum, has been collected as an 
escape in Muscatine Co. (Europe). · 
Digitaria Scop. (Syntherisma Walt.) 
97. D. filiformis (L.) Koeler. Rare; Muscatine Co. (A. A. Miller). 
•98. D. Ischaemum (Schreb.) Nash. (Panicum lineare Krock.) 
Smaller crab-grass ; a common weed, especially in lawns. 
(Europe). 
,,99. D. sanguinalis (L.) Scop. (Panicitm h; Synthe1-isnw, Dulac.) 
Large crab-grass. Common; a bad weed in gardens. (Europe). 
Leptoloma Chase. 
100. L. cognat-um (Schultes) Chase. (Panicum autumnale Bose.) 
Infrequent in dry soil. 
Paspalum L. 
101. P. stramineum Nash. Frequent m sandy soil; eastern and 
southern. 
102. P. pubescens Muhl. Very rare; a new addition to our grass 
flora. Lee Co. (Jess L. Fults). 
Ecbinocbloa Beauv. 
•103. E. Crus-g,alli (L). Beauv. Barnyard grass. Common in cul-
tivated soil, and waste places. (Europe). 
•104. E. Walteri (Pursh) Nash. (Panicum Crus-galli hispidum Torr.) 
Infrequent in wet places. (Eastern and southern U.S.). 
Panicum L. Panic-grass. 
105. P. capillare J..J. Old witch-grass. Very common. 
•106. P. miliaceum L. Broom-corn Millet. An occasional escape. 
(Europe). 
107. P. dichotomiflorum Michx. A common weedy species, rooting 
at the nodes. 
108. P. virgatitm L. A very common and valuable grass. 
109. P. depaupemtum Muhl. Frequent in rather dry soil. 
110. P. perlongum Nash. Infrequent; Emmet Co. (Cratty, Wolden) 
Too near the preceding. 
111. P. huachucae Ashe. Common on dry prairies. 
112. P. h'UiLChucae silvicola Hitch. & Chase. Frequent, woods and 
clearings. 
113. P. implicatum Scribn. Rare. 
114. P. tennesseense Ashe. Rare. 
115. P. praecociits Hitch. & Chase. Frequent on our northern mo-
rainic hills. 
116. P. Scribnerianum Nash. Frequent and variable. This species 
closely resembles the next. 
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117. P. Leibergii (Vasey) Scribner. Frequent. 
118. P. Wilcoxianwm Vasey. Rare. 
· 119. P. latifolium L. Frequent. 
Setaria Beauv. (Chaetochloa Scribner). 
•120. S. glauca (L.) Beauv. Yellow foxtail. A common, weedy 
species. (Europe) . 
•121. S. verticillata (L) Beauv. Bristly foxtail. A disagreeable, 
weedy species, becoming 'common. (Europe) . 
•122. S. viridis (L.) Beauv. Green Foxtail. Very common in cul-
tivated fie] ds. (Europe) . 
•123. S. italica (L.) Beauv. Millet or Hungarian Grass. Cultivated 
and rarely spontaneous. (Europe). 
•124. S. italic.a germanica (Mill.) Richter. German millet. Less com-
mon in cultivation, and occasionally spontaneous. (Europe) . 
Cenchrus L. Sand-bur. 
125. C. pauciflorus Beuth. ( C. tribuloides of authors in part, not 
of L.) A very disagreeable, weedy species; frequent in dry 
ground. 
Zizania L. Wild or Indian Rice. 
126. Z. aquatica L. (Z. interior Rydb.) Frequent in our northern 
marshes. 
127. Z. palustris L. A narrow-leaved form of the preceding, and 
less frequent. 
Leersia Sw. (Honialocenchrus Mieg.) 
128. L. virginica Willd. Common in low, wet woods. 
129. L. oryzoides (L.) Swz, Rice Cut-grass. Common in shallow 
water, or very wet soil. 
130. L. lenticitlaris Michx. Infrequent. Mostly in the eastern part. 
Phalaris L. 
•131. P. canariensis L. Canary Grass. An occasional escape. (Europe). 
132. P. ariindinacea L. ViTild Canary Grass. Frequent in wet 
· ground. 
Hierochloe (Gmelin) R. Br. 
133. H. odorata (L.) Wahl. (H. borealis R. & S.; Savastana odorata 
Scribner) Holy or Vanilla Grass. Frequent in low, wet soil. 
Oryzopsis Michx. 
134. 0. 'l'acemosa (Smith) Ricker. Mountain Rice. Frequent in rich 
woods. 
Stipa L. 
135. S. viridula Trin. Frequent in the western part. 
136. S. comata Trin. & Ruprecht. Infrequent in dry soil in western 
part. 
137. S. spartea Trin. Porcupine Grass. Common in dry prairie soil. 
Aristida L. 
138. A. basiramea Engelm. Infrequent. 
139. A. gracilis Ell. Rare; Lee Co. (A. S. Hitchcock). 
140. A. intermedia Scribn. & Ball. Infrequent; Audubon and Potta-
wattamie counties. 
141. A. oligantha Michx. Poverty Grass. Our commonest species, 
especially in the southeastern part, where it is very troublesome 
in sheep pastures. 
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142. A. tuberculosa Nutt. Rare; Muscatine Co. 
143. A. longiseta robit.Sta Merrill. · Very rare; Plymouth Co. (John 
Leibig). 
Muhlenbergia Schreb. Drop-seed Grass. 
144. M. sobolifera (Muhl.) Trin. Infrequent. 
145. M. Torreyi Hitch. (M. sylvatica Torr., M. umbrosa Scribn.) In-
frequent in moist woods. 
146. M. mexicana (L.) Trin. A common, persistent grass in wet 
ground. 
147. M. mcemosa (Michx.) BSP. (M. glomerata Trin.) Common. 
148. M. Schreberi J. F. Gmelin. A diffuse species, frequent in wet 
ground. 
149. M. ctt.Spidata (Torr.) Rydb. (Sporobolus Torr.) Frequent on 
dry knolls. 
Brachyelytrum Beauv. 
150. B. erectum (Schreb.) Beauv. Frequent in rich woods. 
Phleum L. 
•151. P. pratense L. Timothy. Very common in cultivation and as 
an escape. (Europe). 
Alopecurus L. Wild Foxtail. 
•152. A. pmtensis L. Rare as an escape. (Europe). 
153. A. geniculattt.S L. Common in wet ground. 
154. A. aristulattt.S Michx. (A. geniculatiis var. Torr.) Frequent 
in similar situations. 
Sporobolus R. Br. Drop-seed or Rush Grass. 
155. S. aspet· (Michx.) Kunth. Frequent on hillsides. 
156. S. vaginifiorus (Torr.) Wood. Frequent; resembling the next 
but larger. 
157. S. neglectit.S Nash. A worthless, annual species, common in 
pastures. 
158. S. cryptandrus (Torr.) Gray. Infrequent. 
159. S. heterolepsis Gray. A common species on upland prairie soil. 
•mo. S. asperifolitt.S (Nees. & Meyer) Thurber. Rare; R.R. right-
of-way, two miles east of Nevada, Story Co. Undoubtedly in-
troduced. (Western Plains). 
Cinna L. Wood Grass. 
161. C. arundinacea L. Common in low woods. 
Agrostis L. 
•162. A. alba L. (A. vulg.aris Host.) Red-top. Common in cultiva-
tion and as an escape. (Europe). 
163. A. hyemalis (Walt.) BSP. Hair Grass. Common. 
164. A. perennans (Walt.) Tuck. Infrequent, a variable species. 
Calamagrostis Adans. Reed Bent-grass. 
165. C. canadensis (Michx.) Beauv. Very common in low, wet 
ground. 
166. C. Macouniana Vasey. Rare in marshes, Emmet Co. · (R. I. 
Cratty). 
167. C. inexpansa Gray. (C. confinis Kunth.) Frequent in our 
northern marshes. 
Calamovilfa Hack. 
168. C. longifolia (Hook.) Hack. (Calamagrostis Hook.) Frequent 
in dry, sandy ground. 
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Bolcus L; 
•169. H. "lanatus L. Velvet Grass. An occasional escape. (Europe). 
Avena (Tourn.) L. Oat. 
•110. A. f atiia L. Frequent as a weed in grain fields and waste places. 
(Europe). 
•171. A. sativa L. The cultivated oat; occasionally adventive. (Eura-
sia). · 
Arrhenatherum Beauv. Oat Grass. 
•112. A. e"latius (L). Beauv. Rare; adventive in waste places. 
(Europe). 
Danthonia DC. Wild Oat Grass. 
173. D. spicata (L.) Beauv. Infrequent in dry, sterile soil. 
Cynodon L. 
•174. C. Dactylon (L.) Pers. (Capriola Kuntze). Bermuda Grass. 
An occasional introduction in lawns; not hardy in this latitude. 
(Europe). 
Spartina Schreb. Cord or Slough Grass. 
175. S. Michaitxiana Hitch. (S. cynosuroides of Gray's Manual in 
part, not of Roth S. pectinata Bose?) Common on low prairies. 
Schedonnardus Steud. 
176. S. panic1tlatus (Nutt.) Trel. (S. texanus Steud.) Very rare 
on a barren hilltop, Guthrie Co. (L. R. Miller). 
Bouteloua Lag. Mesquite Grass. 
177. B. gracilis (HBK.) Lag. (B. olygostachya (Nutt.) Torr). Rare 
in dry ground, northwest section. 
/ 178. B. hirsuta Lag. Frequent in dry ground; resembling the pre-
ceding. 
179. B. curtipendul,a (Michx.) Torr. (B. racemosa Lag.) A com-
mon valuable upland species. 
Beckmannia Host. 
180. B. erucaeformis (L.) Host. (B. Syzigachne Fern.) Infrequent 
in low ground. 
Eleusine Gaertn. 
•181. E. indica (L.) Gaertn. Yard Grass. Infrequent. Introduced 
from the Old World Tropics. (S. Asia). 
Diplachne Beauv. 
182. D. fascicularis (Lam.) Beauv. (Leptochloa Gray, D. acuminata 
Nash). Rare; Webster Co. (F. W. Paige, J. C. Blumer). 
Buchloe Engelm. 
183. B. dactyloides (Nutt.) Engelm. (Bulbilis Raf.) Buffalo Grass. 
Very rare in dry soil; Lyon Co. (B. Shimek). 
Phragmites Trin. Reed Grass. 
184. P. communis Trin. Frequent in marshy places; the plumes in 
fruit very conspicuous. 
Triodia R. Br. 
185; T. fiava (L.) Hitch. (Tridens Hitch.; Tricu,spis seslerioides 
Torr.) Infrequent in the southern part. 
Triplasis Beauv. 
186. T. purpurea (Walt.) Chapm. Frequent southeast in sandy soil. 
Eragrostis Beauv. 
187. E. hypnoides (Lam.) BSP. Common in sandy soil; lake shores 
and banks of streams. 
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188. E. Frankii Steud. Frequent; sandy banks of lakes and streams. 
189. E. pilosa (L.) Beauv. (E. Purshii Schrad.) Very common in 
dry, sandy soil. 
•190. E. cilianensis (All.) Link. (E. rnegastachya Link.; E. major 
Host.) A very common, ill smelling weedy species in cultivated 
soil. (Europe). 
•19i. E. minor Host. Infrequent; resembling the preceding, but the 
spikes much smaller. (Europe). 
192. E. trichodes (Nutt.) Nash. (E. tenuis Gray). Rare; Muscatine 
Co. 
193. E. pectinacea (Michx.) Steud. Frequent in dry, sandy soil; our 
handsomest species. 
•194. E. suave.olens Becker. (E. collina Trin.) Rare as an escape 
from cultivation; Story Co. (Russia). 
Sphenopholis Scribn. 
195. S. obtusata (Michx.) Scribn. Frequent; dry prairies and mo-
rainic hills. 
196. S. paUens (Spreng.) Scribn. (Eatonia pennsylv.anica Gray) 
Frequent in rather low ground. 
Koeleria Pers. 
197. K. cristata (L.) Pers. Common on upland prairies. 
Melica. L. Melic Grass. 
198. M. rnutica Walt. Common in woods. 
199. M. nitens Nutt. (M. diffusa of authors, not of Pursh) Fre-
quent. 
200. M. Porteri Scribn. Rare; Johnson Co. (Fitzpatrick). 
Dia.rrhena. Beauv. 
201. D. diandra (Michx.) Wood. Frequent in the southern part. 
Distichlis Raf. 
202. D. spicata ( L.) Greene. ( D. stricta Rydb.) Rare ; a saline 
coast species, but rare in the interior; Ida Co. ( J. S. Crawford). 
Da.ctylis L. 
•203. D. glorn,emta L. Orchard Grass. Common; introduced from 
Europe. 
Poa. L. Spear Grass, Meadow Grass. 
•204. P. annita L. Common as an escape. (Europe). 
205. P. Cltaprnaniana Scribn. Infrequent. 
•206. P . corn,pressa L. Canada Blue Grass. Very common. (Europe) . 
207. P. palustris L. (P. trifiora Gilib., P. serotina Ehrh.) Common 
in low ground. 
•208. P. pratensis L. Kentucky Blue Grass. Very common in cul-
tivation and as an escape. (Europe). 
209. P. sylvestris Gray. Infrequent; Em.met and Hardin counties. 
210. P. debilis Torr. Infrequent in the southeastern part. 
211. P. W olfii Scribn. Rare on limestone rocks; Allamakee Co. 
Fluminia Fries 
212. F . . arundinacea (Willd.) Hitch. 
Rare in our northern marshes ; 
(R. I. Cratty). 
(Scolochloa f estucacea Link. ) 
Emmet and Webster counties. 
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Glyceria R. Br. Manna Grass. 
213. G. nervata (Willd.) Trin. Fowl Meadow Grass. Common in 
low ground or shallow water. 
214. G. grandis S. Wats. A tall, robust species common in shallow 
water. 
215. G. borealis (Nash) Batchelder. Common in low marshy ground. 
l'estuca L. Fescue Grass. 
216. F. octoflora Walt. (F. tenell.a Willd.) Frequent in dry, sterile 
soil. 
•211. F. rubra L. Introduced with lawn grass; an undesirable species. 
(Europe). 
•218. F. ovina L. Sheep Fescue. Sparingly introduced. Emmet Co. 
(B. 0. Wolden) (Europe). 
•219. F. el.atior L. A common escape. (Europe). 
220. F. obtu..~a Spreng. (F. nutans Spreng., not Moench.) Common 
in low rich woods. 
221. F. Shortii Kunth. Frequent; low woods and prairies. 
Bromus L. Brome Grass. 
•222. B. secalinus L. Chess or Cheat. A frequent weed in grain 
fields. (Eurasia). 
•223. B. hordeaceus L. Rare; introduced from Europe. 
•224. B. hordeaceus gl.abrescen.s Shear. An infrequent introduction. 
(Europe). 
•225. B. racemosus L. (B. commutatit.s Schrad.) Infrequent. (Europe). 
226. B. cili.atus L. A native species common in woods. 
•227. B. japonicus Thunb. A pretty species introduced from Japan 
via Europe. It has often been referred to B. arvensis of Gray's 
Manual not of L. (Japan). 
•228. B. tectorum L. A weedy species becoming very common in dry 
waste places. (Europe). 
229. B. purgans L. A common native woodland species. 
•230. B. inermis Leyss. The cultivated Brome Grass. Frequently 
escaped. (Europe). 
231. B. altissimus Pursh. Frequent in woods. 
232. B. Kalmii Gray. Infrequent in woods. 
•233. B. marginatus Nees. (B. breviaristatus Buckley). Cultivated 
and occasionally escaped. (Western U. S.) 
Lolium L. 
•234, L. perenne L. Common Darnel or Rye Grass. Cultivated and 
escaped. (Eurasia). 
•235. L. multiff.orum Lam. (L. italicum R. Br.) Rare as an escape. 
(Europe). 
•236. L. temulentum L. Bearded Darnel. A frequent weed in grain 
fields and waste places. (Eurasia). 
Agropyron Gaertn. 
237. . A. Smithii Rydb. A common and valuable native species. 
•238. A. repens (L.) Beauv. Quack Grass. A common, introduced 
species, and very difficult to eradicate. (Europe). 
239. A. biflorum (Brignoli) R. & S. (A. viol.aceum Lange.) Rare 
in dry ground; Winneshiek and Dickinson counties. 
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240. A. tenerum Vasey. Slender Wheat Grass. Common in dry 
ground. 
241. A. caninoides (Rameley) Beal. (A. caninum of most American 
authors) Rare in the northern part. 
242. A. Richardsonii Schrad. Frequent in dry ground. 
Hordeum (Tourn.) L. Barley. 
•243. H. jubatum L. Squirrel Tail, Wild Barley. A noxious weed 
in pastures and waste places. Native for northeast. (N. Am. 
and Eurasia) . 
244. H. pusillum Nutt. Frequent. . 
245. H. Pammeli Scribn. & Ball. The type from Humboldt Co. It 
resembles the cultivated species. 
•246. H. vulgare L. The common cultivated species. Occasionally ad-
ventive along highways. (Eurasia). 
Secale (Tourn.) L. Rye. 
*247. S. cereale L. Cultivated and adventive along highways. 
(Eurasia). 
Triticum L. Wheat. 
•248. T. viilgare L. Occasionally adventive along highways. (Eurasia). 
Elymus L. Wild Rye. 
249. E. virginicus L. Common, especially in open woods. 
250. E. virginicus submuticus Hook. (E. curvatus Piper). Frequent 
in open woods, or near timber. 
251. E. hirsutiglumis Scribn. (E. virginicus var. Hitch.) Rare. 
252. · E. canadensis L. Common and extremely variable. 
253. E. glabriff,orus (Vasey) Scribn. & Ball. Frequent in shady 
woods in Lee Co. (Jess L. Fults). 
254. E. robushts Scribn. & J. G. Smith. Common; resemb,les E. 
canadensis, but with large, wider spikes and wide-spreading 
awns. 
255. E. robustits vestitus Wiegand. Frequent. The glumes pubescent. 
256. E. brachystachys Scribn. & Ball. Frequent. 
257. E. striatus Willd. Common in or near timber. Forms which 
have been referred to the varieties arkansana, Ballii and villosus 
also occur sparingly. 
258. E. Macounii Vasey. A rare species with long, slender spikes. 
Infrequent in our northwestern section. 
259. E. diversiglumis Scribn. & Ball. Rare in the northern part. 
Hystrix Moench. 
260. H. patula Moench. Bottle-brush Grass. Very common in open 
woods. 
18. CYPERACEAE (Sedge Family) 
Oyperus (To urn.) L. Galingale. 
261. C. diandrus Torr. Common; sandy banks of lakes and streams. 
262. C. rivularis Kunth. Common in low ground. 
263. C. infiexus Muhl. (C. aristatus Rottb.) Common; sandy shores 
of lakes and streams. 
264. C. Schweinitzii Torr. Frequent on sandy banks. 
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265. C. acuminatus Torr. & Hook. Rare in the southeastern part. 
266. C. esculentus L. Nut Grass. Common; a weedy species in cul-
tivated land. 
267. C. erythrorh1·zos Muhl. Frequent on sandy shores. 
268. C. speciosus Vahl. Common in marshes ; now considered distinct 
from C. ferax Rich. of the s.e. United States. 
269. C. filiculmis Vahl. Frequent in the eastern part. 
Dulichium Pers. 
270. D. arundinaceurn (L.) Britton. Rather rare; low, wet situa-
tions ; eastern and southern. 
Eleocharis R. Br. Spike Rush . 
. 271. E. obtiisa ( Willd.) Schultes. Infrequent in the eastern part. 
272. E. palustris (L.) R. & S. Common in shallow water. 
273. E. glaitcescens Willd. (E. palustris var. Gray). Very common 
in low, wet ground. 
274. E. acicularis (L.) R. & S. Very common in low, wet ground. 
275. E. Wolfii A. Gray. Very rare on low prairies; Emmet Co. (R. 
I. Cratty). 
276. E. tenuis (Willd.) Schultes. Rare; resembling the next, but 
the root perennial. 
277. E. intermed1a (Muhl.) Schultes. Rare; an annual species. 
278. E. acuminata (Muhl.) Nees. Frequent; eastern and southern. 
Stenophyllus Raf. 
279. S. capillaris (L. ) Britton. (Fimbristylis Gray) Frequent in 
the southeast. 
Fimbristylis Vahl. 
280. F. autiimnalis (L.). R. & S. Rare in the southeastern part. 
Scirpus (Tourn.) L. Bulrush, Club-rush. 
281. S. americanus Pers. (S. pungens Vahl.) Frequent. 
282. S. validus Vahl. (not S. lacustris L. of the Old World which has 
a three-cleft style) Our common Bulrush in marshes, and shal-
low water. 
283. S. occidentalis (S. Wats.) Chase. Infrequent in shallow water; 
Emmet Co. (B. 0. Wolden). 
284. S. heterochaetus Chase. Rare; Emmet Co. (B. 0. Wolden) 
The last two species perhaps overlooked because of their close 
resemblance to S. validus. 
285. S. fiuviatilis Gray. A coarse species growing along streams and 
in marshes. 
286. S. afrovirens Muhl. Very common in wet soil. 
287. S. lineatus Michx. Frequent, eastern and southern. 
288. S. cyperinus (L.) Kunth. The typical form infrequent. 
289. S. cyperinus pelius Fernald. Frequent in the eastern part. 
290. S. pedicellatus Fernald. Infrequent; Chickasaw Co. (W. D. 
Spiker) The last three not easily distinguished. 
Eriophorum L. Cotton Grass. , 
291. E. tenellum Nutt. (E. gracile Koch.; E. gracile paucinervium 
Engelm.) Rare in our northern bogs; Emmet Co. (R. I. Cratty). 
292. E. angustifolium Roth. (E. polystachyon of authors in part). 
Frequent in cold northern bogs. 
Hemicarpha Nees & Arn. 
293. H. micrantha (Wahl.) Britton. (H. siibsquarrosa Nees.) Rare; 
central and eastern. 
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Rhynchospora Vahl. Beak Rush. 
294. R. capillacea Torr. Rare in marshes; Emmet Co. (B. 0. Wol-
den). 
Scleria Bergius. Nut Rush. 
295. S. trigl01rterata Michx. Rare in the eastern part. 
Carex I;. Sedge 
296. C. chordorrhiza Ehrh. Rare in cold bogs; Emmet Co. (R. I. 
Cratty, F. W. Paige). 
297. C. Eleocharis Bailey. (C. stenophylla of Am. authors not of 
Wahl.) Very rare in dry ground; Emmet Co. (R. I. Cratty) 
Lyon Co. (B. Shimek). 
298. C. Sartwellii Dewey. Frequent in marshes. 
299. C. convoluta Mackenzie (C. rosea of Gray's Manua0th ed.) 
Common in rich woods. 
300. C 1·osea Schkuhr. (C. rosea radiata of Gray's Manual) In-
frequent; a delicate species. 
301. C. plana Mackenzie ( C. Jfohlenbergii enervis Boott) Rare ; 
Johnson Co. (M. P. Somes). 
302. C. cephalophora Muhl. Infrequent. 
303. C. Leavenworthii Dewey. Infrequent. 
304. C. gmvida Bailey. Common in open woods, and occasionally 
on prairies. 
305. C. cephaloidea Dew. Rare. 
306. C. sparganioides Muhl. Frequent in woods; central and south-
ern. 
307. C. alopecoUlea Tuck. Infrequent; Emmet Co. (R. I. Cratty, 
B. 0. Wolden) 
308. C. conjuncta Boott. Rare; southeastern. 
309. C. vulpinoidea Michx. Our commonest species in low ground. 
310. C. brachyglossa Mackenzie (C. xanthocarpa Bicknell) Frequent 
in the southeastern part. 
311. C. diandra Schrank. (C. teretiusc1ila Good.) Frequent in 
northern peat bogs. 
312. C. pmirea Dewey. (C. teretiuscula var. Britton; C. dia'ndra 
ramosa Fernald) Rare in marshy ground; Emmet Co. (R. I. 
Cratty) 
313. C. stipata Muhl. Common in open woods. 
314. C. crns-corvi Shuttlew. Infrequent. 
315. C. Deweyana Schwein. Rare; Webster and Dickinson counties. 
316. C. interior Bailey. (C. scirpoides Schkuhr.) Frequent on low 
prairies. 
317. C. synchnocephala Carey. Rare; edges of swamps; Emmet and 
Dickinson counties. 
318. C. scoparia Schkuhr. Frequent in dry soil. 
319. C. tribuloides Wahl. Frequent in low woods. 
320. C. cristatella Britton. ( C. cristata Schwein., C. tribuloides var. 
Bailey) Frequent. · 
321. C. projecta Mackenzie. ( C. tribuloides reducta Bailey) Fre-
quent in woods. 
322. C. muskingumensis Schwein. Rare. 
323. C. Bebbii Olney. Frequent in low ground. 
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324. C. nonnalis Mackenzie. (C. mirabilis Dewey). Infrequent. 
325. C. tenera Dewey. Rare. (C. sframinea in part.) 
326. C. festuoocea Schkuhr. Rare in the southeastern part. 
327. C. brevior (Dewey) Mackenzie. (C. festucacea var. Fernald) 
Common. 
328. C. Bicknellii Britton. Frequent on upland prairie. 
329. C. suberecta (Olney) Britton. Infrequent. 
330. C. Jamesii Schwein. Rather rare in low woods. 
331. C. communis Bailey ( C. pedicellata Britton) Infrequent. 
332. C. pennsylvanica Lam. Very common on upland prairies. 
333. C. varia Muhl. Infrequent. 
334. C. hirtifolia Mackenzie (C. pubescens of Gray's Manual) Rare 
(Holway). 
335. C. pedu.nculata Muhl. Infrequent in the southeast. 
336. C. Rickardsoni R. Br. Rare; Poweshiek Co. (lVI. E. Jones). 
337. C. eburnea Boott. ( C. setif olia Britton) Frequent on dry 
wooded hills. 
338. C. Meadii Dewey. Common on prairies. 
339. C. tetanica Schkuhr. Rare; Emmet Co. (B. 0. Wolden). 
340. C. laxiculmis copulata (Bailey) Fernald. Rare; Muscatine Co. 
(Barnes & Miller). 
341. C. albursina Sheldon. ( C. laxiflora latifoli.a Boott). Common 
in woods. 
342. C. "laxijlora Lam. Infrequent and variable. 
343. C. blanda Dewey ( C. laxifiora var. Gray) A woodland species; 
frequent and extremely variable. 
344. C. Shriveri Dewey. (C. granularis var. Britton) Rare; Web-
ster Co. (0. M. Oleson). 
345. C. granularis Muhl. Rare; Johnson Co. (B. Shimek). 
346. C. Crawei Dewey. Rare on low prairies. 
347. C. oligocarpa Schkuhr. Rare in open woods. 
348. C. Hitchcockiana Dewey. Rare; Jasper Co. (H. W. Norris). 
349. C. conoidea Schkuhr. Rare. 
- 350. C. grisea Wahl. Frequent in woods. 
351. C. gracillima Schwein. Rare in woods; Emmet Co. (B. 0. 
Wolden). 
352. C. Davisii Schwein. & Torr. Frequent in low woods in the south-
ern part. 
353. C. assiniboinensi8 Boott. Rare ; Emmet Co. ( B. 0. Wolden) 
354. C. Sprengelii Dewey. ( C. longirostris Torr.) Common in woods. 
355. C. hirsutella Mackenzie ( C. triceps hirsuta Bailey). Rare. 
356. C. limosa L. Frequent in northern marshes. · 
357. C. Buxbaumii Wahl. (C. fusca Bailey, C. polygama Schkuhr.) 
Frequent in bogs and very wet places. 
358. C. Shortiana Dewey. Frequent in woods. 
359. C. stricta Lam. Frequent in very wet places. 
360. C. strictior Dewey. (C. stricta angustata of Gray's Manual). 
Frequent. 
361. C. Haydeni Dewey. ( C. stricta decora Bailey) Frequent in 
wet places. 
362. C. aquatilis Wahl. Rare; Emmet Co. (B. 0. Wolden). 
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363. C. Emm·yi Dewey. Rare; Fayette Co. (Bruce Fink). 
364. C. lacustris Willd. (C. riparia Muhl. not Curtis) Frequent 
in marshes. 
365. C. lanuginosa Michx. Frequent on low prairies. 
363. C. lasiocarpa Ehrh~ (C. filiformis Good. Not L.) Frequent 
in northern marshes. 
367. C. trichocarpa Muhl. Infrequent. 
368. C. laevicanica Dewey. (C. trichocarpa Deweyi Bailey) Rare; 
southeastern section. 
369. C. atherodes Spreng. (C. m-istata R. Br.) Frequent in marshes. 
370. C. vesicaria manile (Tuck.) Fernald. ( C. rnanile Tuck.) In-
frequent in wet places. A beautiful species. 
371. C. rostrata Stokes. Rare in wet situations. Emmet Co. (B . . 
0. Wolden). 
372. C. Tuckermani Dewey. Very rare; Jasper Co. (H. W. Norris). 
373. C. retrorsa Schwein. Frequent in rich woods. 
374. C. hystricina Muhl. Frequent in marshy places. 
375. C. comosa Boott. Infrequent; edge of swamps. 
376. C. squarrosa L. Rare; Appanoose Co. (T. J. Fitzpatrick). 
377. C. typhina Michx. (C. typhirwides Schwein.) Rare in low 
woods. 
378. C. intumescens Rudge. Infrequent. 
379. C. Asa-Grayi Bailey. Infrequent. 
~ 380. C. lupulina Muhl. Frequent in low woods. 
381. C. lupuliformis Sartw. Infrequent. Lee and Decatur counties. 
20 . .A.RACEAE (Arum Farmily) 
Arisaema Mart. 
382. A. triphyllum (L.) Schott. Indian Turnip, Jack-in-the-pulpit. 
Common in rich woods. 
383. A. Dracantium (L.) Schott. Green Dragon. Infrequent in 
similar situations. 
Symplocarpus Salish. 
384. S. foetidus (h) Nutt. (Spathyema Raf.) Skunk cabbage. An 
ill-smelling plant, quite rare in swampy woods. 
Acorus L. 
385. A. Calamus L. Sweet Flag, Calamus. Common in swampy 
places, especially in the northern part. 
22. LEMNACEAE (Duckweed Family) 
Spirodela Schleid. 
386. S. polyrhiza (L.) Schleid. Common. Floating on still water. 
Lemna L. ·Duckweed. 
387. L. trisulca L. Very common on stagnant water. 
388. L. minor L. Infrequent with the above. 
Wolft'ia Horkel. 
389. W. punctata Griseb. (W. braziliensis of authors not of Wed-
dell) Infrequent. Floating as little grains on still water. Our 
smallest flowering plant. 
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31. COMMELINACEAE (Spiderwort Fami1y) 
Tradescantia (Rupp.) L. Spiderwort. 
390. T. refiexa Raf. Frequent. 
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391. T. bracteata Small. Our commonest species; formerly confused 
with T. virginia:na L. 
392. T. occidentalis (Britton) Smyth. Infrequent. 
Commelina (Plum.) L. 
•393, C. communis L. Day Flower. An occasional escape. (Asia) . 
. 394. C. virginica L. Rare near the southern border. Lee Co. (Jess 
L. Fults) · 
32. PONTEDERIACEAE (Pickerel-we.ed Fami"by) 
Pontederia L. 
395. P. cordata L. Pickerel-weed. Infrequent; eastern and southern. 
Heteranthera R. & P. Mud Plantain. 
396. H. linwsa (Swartz) Willd. Rare; Fremont Co. (A. S. Hitch-
cock) . .__ '--
397. H. dubia (Jacq.) MacM. (H. graminea Vahl.) Infrequent in 
mud or shallow water. 
34. JUNCACEAE (Rush Family) 
Juncus (Tourn.) L. Rush. 
·398. J. bufonius L. Infrequent on sandy banks. 
399. J . tenuis Willd. (J. bicornis Michx.) Our commonest species 
in wet soil. 
400. J. secundits Beauv. A form nearest this. Rare; Lee Co. (Jess 
L. Fults). 
401. J. confusus Coville. Rare, Blackhawk Co. (L. H. Pammel). 
Det. by Dr. Rydberg. 
402. J. Dudleyi Wiegand. Rare; Emmet Co. (B. 0. Wolden). 
403. J. littorum Rydb. (J. balticus littoralis Engelm. not J. litto-
ralis C. A. Meyer) Infrequent in low, acid soil. 
404. J. effusus L. A common bog species of very wide distribution. 
405. J. oonadensis J. Gay. Infrequent. 
406. J. acumitnatus Michx. A slender, knotted-leaved species; in-
frequent in low places. · 
407. J. nodosus L. Frequent in low places. 
408. J. Torreyi Coville. A common species, resembling the preceding, 
but much larger. 
Luzula DC. Wood Rush. 
409. L. oompestris multifiora (Ehrh.) Celak. (J. campestris of Am. 
authors; Juncoides intermedium Rydb.) Frequent in rich woods. 
410. L. ca~olinae S. Wats. (L. saltuensis Fernald; Juncoides car<>-
linae Kuntze) Rare; Delaware Co. (L. H. Pammel). 
36. LILIACEAE (Li'"{;y Fami"by) 
Zygadenus Michx. 
411. Z. chloranthits Richards. :(z. elegans of authors not Pursh). 
Zygadene. Common on our northern prairies. 
:Mela.nthium L. 
412. M. virginicum L. Bunch Flower. Frequent in the southern 
half. 
Veratrum (Tourn.) L. 
413. V. W oodii Robbins. false Hellebore. Rare in rich woods. 
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Uvularia L. 
414. U. grandifiom J. E. Smith. Bellwort. Common in rich woods. 
Oakesiella Greene. (Oakesia S. Wats. not Tuck.) 
415. 0. sessilifolia (L.) Greene. (Oakesia S. Wats.) Rare. 
Allium (Tourn.) L. Onion. 
416. A.. triwccum Ait. Frequent. in woods. 
417. A.. stellatum Ker. Common in rather dry soil. 
418. A.. canadense L. Frequent on low prairies. 
419. A.. mutabile Michx. Very rare; Lee Co. (Jess L. Fults) A 
southern species barely entering our limits. 
Nothoscordum Kunth. 
420. N. bivalve (L.) Britton. (A.llium striatum Jacq.) Rare. 
Hemerocallis L. 
•421. H. fulva L. Common Day Lily. A frequent escape from cul-
tivation, especially in the southeastern part. (Asia.) 
Lilium (Tourn.) L. Lily. 
422. L. philadelphicum andinum (Nutt.) Ker. (L. umbellatum 
Pursh) Common and variable. 
423. L. michiganense Farwell. Frequent. Formerly referred to L. 
canadense and L. superbum which do not range this far west. 
Erythronium Dog's-tooth Violet. 
424. E. albidum Nutt. Very common in rich woods. 
· 425. E. americanum Ker. Yellow Adder's Tongue. Infrequent. 
426. E. mesochoreum Knerr. Rare in the western part. 
Camassia Lindl. ( Quamassia Raf.) 
427. C. esculenta (Ker.) Robinson. (Qiwmasia hyacinthina Britton) 
Eastern Camas or Wild Hyacinth. Infrequent in or near timber. 
Yucca (Rupp.) L. 
428. Y. glauca Nutt. Bear Grass or Spanish Bayonet. Rare in the 
northwestern part in dry soil. 
Asparagus (Tourn.) L. 
•429, A.. officinalis L. Common Asparagus. A frequent escape, the 
seeds carried by birds. (Europe) . 
Smilacina Desf. 
430. S. racemosa (L.) Desf. False Spikenard. Very common in 
woods. 
431. S. stellata (L.) Desf. Common; a much smaller plant. 
Maianthemum Wiggers. 
432. M. canadense Desf. (Unifolium Greene) Infrequent in woods. 
Polygonatum (Tourn.) Hill. 
433. P. oommutatum (R. & S.) Dietr. Solomon's Seal. Very com-
mon in rich woods. 
Trillium L. Wake Robin. 
434. T. recurvatum Beck. Frequent; often confused with T. sessile. 
435. T. erectum L. Frequent. 
· 436. T. grandifiorum (Michx.) Salish. Frequent northeast. 
437. T. cernuum L. Infrequent. 
438. T. declinatum (Gray) Gleason. Common in rich woods. 
439. T. nivale Riddell. Frequent; one of our earliest spring flowers. 
Smilax (Tourn.) L. Green Brier. 
440. S. herbacea L. Carrion Flower. Our commonest herbaceous 
species. 
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441. S. ecirrhata (Engelm.) S. Wats. Rare; tendrils lacking, or only 
the upper petioles tendril bearing. 
442. S. "lasioneuron Hook. Frequent. The fruit clusters very large, 
bearing 75 to 100 or more berries. 
443. S. rotundif olia L. Frequent in moist thickets; the stem perennial. 
444. S. hispida Muhl. Frequent in woods; the hispid stem perennial. 
445. S. Pseudo-china L. Infrequent; a glabrous, tuberous-rooted 
species. Further observation needed. 
38. AMARYLLIDACEAE (Amaryllis Family) 
Hypoxis L. 
446. H. hirsuta (L.) Coville. Star Grass. Very common on low 
prairies. 
41. DIOSCOREACEAE (Yam Family) 
Dioscorea (Plumier) L. 
447. D. villosa L. (D. paniculata Michx.) Wild Yam. Frequent in 
woods, especially in the southern part. 
42. IBIDACEAE (Iris Family) 
Iris (Tourn.) L. 
448. I. versicolor L. Blue Flag. Iris. Common in marshy places. 
Belamcanda. Adans. 
•449, B. chinensis (L). DC. Blackberry Lily. Rare as an escape 
along highways. (Asia). 
Sisyrinchium L. Blue-eyed Grass. 
450. S. campestre Bicknell. Very common .on low prairies. 
451. S. mucr<>natum Michx. Rare; Cedar Co. (A. S. Hitchcock). 
452. S. graminoides Bicknell. Infrequent in the southern part. 
48. ORCHIDACEAE (Orchis Family) 
Cypripedium L. Lady's Slipper, Moccasin Flower. 
453. C. parvifiorum pubescens (Willd.) Knight. Frequent in or 
near timber. 
454. C. candidum Muhl. Once common on low prairies, now be-
coming rare. 
455. C. hirsutum Mill. (C. 1·eginae Walt., C. spectabile Salisb.) Rich 
woods ; becoming rare. 
Orchis (To urn.) L. Showy Orchis. 
456. 0. spectabilis L. ( GaUJ.orchis Rydb.) Rare in rich woods. 
Ha.benaria Willd. Rein Orchis. 
457. H. bradeata (Willd.) R. Br. (Coeloglossum Farwell) Jn. 
frequent. 
458. H. hyperborea (L.) R. Br. (Limnorchis Rydb.) Infrequent. 
459. H. clavellata (Michx.) Spreng. (Denslovia Rydb.) Quite rare; 
Fayette and Muscatine counties. 
460. H. Hookeri Gray. (Lysias Hookerianum Rydb.) Infrequent 
in the eastern part. 
461. H. leucophaea (Nutt.) Gray. (Blepliariglottis Farwell). More 
common in the northern part. 
462. H. psychodes (L.) Sw. (Blephariglottis Rydb.) Infrequent. 
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Pogonia Juss. 
463. P. trianthophora (Sw.) BSP. (P. pendula Lindi.) Rare in 
the northeast. 
Calopogon R. Br. 
464. C. pulchellus (Sw.) R. Br. Rare in the eastern part. 
Spiranthes Richard. Ladies' Tresses. 
465. S. gracilis (Bigelow) Beck. (Ibidium House) Infrequent. 
466. S. cern1ui (L.) Richard. (lbidimr11 House) Infrequent on 
- low prairies. 
467. S. Romanzoffiana Cham. (Gyrostachys Rydb., Ibidium strictum 
House) Rare in bogs. Emmet Co. (B. 0. Wolden). 
Epipactis (Haller) Boehm. 
468. E. pubescens (Willd.) A. A. Eaton. ( G-0odyera R. Br., Pera-
mium MacM.) Rattle-snake Plantain. Rare; Winneshiek Co. 
Corallorrhiza (Haller) R. Br. Coral Root. 
469. C. odontorhiza Nutt. (C. Corallorrhiza Karst. ) Rare; Johnson 
Co. (T. J. Fitzpatrick). 
Microstylis (Nutt.) Eaton. 
470. M. unifolia (Michx.) BSP. (Malaxis Michx.) Green Adder's 
Mouth. Rare in the northeastern part. 
Liparis Richard. Twayblade. 
471. · L. liliifolia (L.) Richard. Infrequent in moist woods. 
472. L. Loeselii (L.) Richard. Very rare; moist, shady places. 
Aplectrum (Nutt.) Torr. 
473. A. hyemale (Muhl.) Torr. Adam-and-Eve, Putty Root. Rare; 
Johnson Co. (T. J. Fitzpatrick). 
54. SALICACEAE (Willow Famiby) 
Populus (Tourn.) L. Poplar, Aspen. 
•474. P. alba L. White or Silver Poplar. A frequent escape to road-
sides, mostly by suckering. (Europe). 
475. P. tremuloide.s Michx. American Aspen, Quaking Aspen. Com-
mon. 
476. P. grandidentata Michx. Large-toothed Aspen. Frequent. 
•477. P. bal..samifera L. (P. Tacamahaca Miller) Balsam Poplar or 
Tacamahac. An occasional escape. Our only Iowa specimen 
is from Emmet Co. (B. 0. Wolden). Native farther north 
and east. 
•478. P. candicans Ait. Balm of Gilead. Frequent in cultivation and 
escaped. (Europe). 
•479. P. deltoides Marsh. The eastern Cottonwood; occasional in cul-
tivation and as an escape. Now considered distinct from the 
next. (Eastern U. S.). 
480. P. Sargentii Dode. Cottonwood. Frequent as a native, and 
common in cultivation and as an escape. 
Salix (Tourn.) L. Willow 
481. S. nigra Marsh. Black Willow. Common, especially along 
streams. 
482. S. amygdaloides Anders. Peach-leaved Willow. Common along 
streams. 
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483. S. lucida Muhl. Shining Willow. Quite rare in the northern 
half. A beautiful species. 
•484. S. fragilis L. Crack Willow. Our commonest willow in culti-
vation and a frequent escape. The twigs are very brittle. 
(Europe). 
•485. S. alba L. White Willow. Cultivated and escaped. Less com-
mon than the preceding. (Europe). 
486. S. interior Rowlee. (S. longifolia of Am. authors) Sand-bar 
Willow. A narrow-leaved species, very common, especially near 
streams. 
487. S. cordata Muhl. Heart-leaved Willow. Frequent and variable. 
488. S. rnissouriensis Bebb. Common, but scarcely distinct from the 
preceding. 
489. S. pedicellaris Pursh. Rare in our northern marshes. Formerly 
referred to the European S. myrtilloides. 
490. S. discolor Muhl. Pussy Willow. Common. Our earliest flower-
ing species. 
491. S. eriocephala Michx. (S. discolor var. Robs. & Fernald) Fre-
quent. 
492. S. petiolaris Smith. Infrequent in marshy places in the north-
ern half. 
493. S. snbser.foea (Anders.) Schneider. Rare in a bog near the 
Rock Island R.R. gravel pit, Graettinger, Emmet Co. (B. 0. 
Wolden) Dr. Rydberg considered this a hybrid-S. sericea x 
petiolaris. 
494. S. humilis Marsh. Frequent on prairies, and in open woods. 
495. S. tristis Ait. Dwarf Gray Willow. Rare in the eastern part. 
496. S. sericea Marsh. Silky Willow. Rare; Henry and Fayette 
counties. 
497. S. Bebbiana Sargent. (S. rosfrata of Am. authors) Frequent, 
especially in the northern half. 
498. S. candida Fluegge. Sage or Hoary Willow. Rare in our north-
ern marshes. 
58. JUGLANDACEAE (Walnut Family) 
Juglans L. 
499. J. cinerea L. Butternut. Frequent. 
500. J. nigra L. Black Walnut. More common than the preceding, 
and one of our most valuable native trees. 
Carya Nutt. (Hicoria Raf.) Hickory. 
501. C. Peam (Marsh.) Britton. (C. illinoensis K. Koch., Hicoria 
Pecan Britton) Frequent in the southeastern part. 
502. C. ovata (Mill.) K. Koch. (Hicoria Britton) Shell-bark or 
Shag-bark Hickory. Common. 
503. C. laciniosa (Michx. fil.) Louden. (Hicoria Sargent) King 
Nut. Frequent in the southeast. 
504. C. alba (L.) K. Koch. (Hicoria Britton) Mocker-nut Hickory. 
Southern and eastern part. Not very common. 
505. C. glabra (Mill.) Spach. (Hicoria Britton) Pig-nut Hickory. 
Rare in the southeastern part. (L. H. Pammel). 
506. C. cordiformis (Wang.) K. Koch. (Hicoria Britton) Bitter-
nut. Very common. 
200 R. I. CRATrY 
59. BETULACEAE (Birch Family) 
Corylus (Tourn.) L. 
507. C. americana Walt. Common Hazel-nut. Our commonest species. 
508. C. rostrata Ait. (C. cornuta Marsh.) Beaked Hazel-nut. Fre-
quent in the northeast. 
Ostrya (Mich.) ~foop. 
509. 0. virginiana (Mill.) K. Koch. Ironwood or Hop Hornbeam. 
Very common. 
Carpinus (Tourn.) L. 
510. C. caroliniana Walt. Blue Beech, American Hornbeam. Fre-
quent. 
Betula (Tourn.) L. 
511. B. lutea Michx. fil. Gray or Yellow Birch. Frequent in the 
eastern part. 
512. B. lenta L. Cherry or Sweet Birch. Very rare in Iowa. Our 
only specimen from Lee Co. (Jess L. Fults). 
513. B. nigra L. River or Red Birch. Frequent in the eastern half. 
514. B. papyrifera Marsh. (B. alba var. ·spach) Paper, Canoe or 
White Birch. Frequent in the northeastern part; also culti-
vated. 
•515. B. pendula Roth. (B. alba L. in part) European White Birch, 
common in cultivation; rare as an escape; Emmet Co. (B. 0. 
Wolden). 
516. B. pumila glandulifera Regel. Rare; Chickasaw and Allamakee 
counties. 
Alnus (To urn.) Hill. 
517. A.. incana (L.) Moench. Alder. Most frequent in the eastern 
half. 
60. FAGACEAE (Bee,ch Family) 
Quercus (Tourn.) L. Oak 
518. Q. alba L. White Oak. Common except in the western part; 
one of our most valuable trees. 
519. Q. stellata Wang. Iron or post oak. Infrequent in the southern 
part. 
520. Q. lyrata Walt. Swamp Oak. Rare; only a few trees known-
one in Johnson Co. near Amana (Shimek), one in Lee Co. near 
Keokuk (Pammel) and several in Appanoose Co. near Center-
ville ( Trenk) 
521. Q. bicolo1· Willd. Swamp White Oak. Frequent in the eastern 
part; the acorns long-peduncled. 
522. Q. rnacrocarpa Michx. Bur Oak. Our commonest species through-
out the state. 
523. Q. JJluhlenbergii Engelm. (Q. acuminata Houba) Yellow or 
chestnut oak. Frequent ; central, eastern and southern sections. 
524. Q. prinoides Willd. Shrubby chestnut Oak. Rare; Madison and 
Decatur counties. 
525. Q. mnxirna (Marsh.) Ashe. (Q. rubra) of most Am. authors 
not of L.) Red Oak. Very common and variable. 
526. Q. palitstris Muench. Swamp Oak. Frequent ; southern and 
eastern sections. 
THE IOWA l!'LORA 201 
527. Q. ellipsoidalis E. J. Hill. Black Oak. A common and extreme-
ly variable species. 
528. Q. velutina Lam. Quercitron Oak. Frequent; a beautiful but 
variable species. 
529. Q. Schneckii Britton. Rare; a single specimen from near Black 
Springs, Johnson Co. (H. P. Hagge.) 
530. Q. marilandica Muench. Black Jack Oak. Infrequent; eastern 
and southern. 
531. Q. imbrica.ria Michx. Shingle Oak. A handsome species, fre-
quent in the east and southern sections. 
The oaks contain many perplexing forms, especially in the 
ellipsoidalis group, some of which approach very closely the 
northeastern Q. borealis Michx. There are also represented in 
the herbarium several well-marked hybrids. Among these are 
Q. velutina x ma1·ilandica, Q. bicolor x mac1·ocarpa, Q. velutina 
x ellipsoidalis, and Q. imbricaria x velutina. 
61. ULMACEAE (Elm Famiily) 
Ulmus (Tourn.) L. 
532. U. fulva L. Slippery or Red Elm. Common. 
533. U. americana L. American or White Elm. Very common, and 
much used for street planting. 
534. U. Thomasii Sargent. ( U. race11wsa Thomas) Cork or Rock 
Elm. Frequent. 
Celtis ( T-0urn.) L. 
535. 0. occidentalis L. Hackberry. Common. 
536. 0. -0ccidentalis crassifolia (Lam.) Gray. Rough-leaved Hack-
berry. Frequent. 
62. MORACEAE (Mulberry Family) 
Cannabis (Tourn.) L. 
•537. 0. sativa L. Common Hemp. Frequent in woods and around 
dwellings; the seeds used in food for canary birds. ( S. Asia). 
Humulus L. 
538. H. Lupulus L. Common Hop. Infrequent, border of woods. 
Maclura Nutt. (Toxylon Raf.) 
•539. M. pomifera (Raf.) Schneider. Osage Orange. Formerly much 
used for hedge fences, and escaped in the southern part. (S. 
United States). 
Morus (Tourn.) L. 
540. M. rubra L. Red Mulberry. Frequent except in the north-
western part. 
•541. M. alba L. White Mulberry. A common escape from cultivation. 
(Europe). 
63. URTICACEAE (Nettle Fannily) 
Urtica (To urn.) L. 
542. U. procera Muhl. ( U. gracilis of Am. authors not of Ait.) Com-
mon Wood Nettle. Frequent in timber and hedge rows. 
•543. U. urems L. Small or Dwarf Nettle. Introduced around dwell-
ings and in waste places. (Europe) . 
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Laportea Gaud. 
544. L. canadensis (L.) Gaud. (Urticastrum divaricatum Kuntze) 
Wood or Canada Nettle. Common in rich woods. 
Pilea Lindl. 
545. P. pumila (L.) Gray (Adicea Raf.) Rich or Clear Weed. Com-
mon in low, rich woods. 
Boehmeria. J acq. 
546. B. cylindrica (L.) Sw. False Nettle. Infrequent m moist, 
shady woods. 
Parietatia (Tourn.) L. 
541. P. pennsylvanica Muhl. Pellitory. Common with the three 
preceding species. 
) 67. SANTALACEAE (Sandalwood Family) 
Comandra Nutt. 
548. C. itmbellata (L.) Nutt. Bastard Toad-flax. Common on up-
land prairies and in dry open woods. The roots often parasitic. 
72. ARISTOLOCHIACEAE (Birthwort F(Jflnily) 
Asarum (Tourn.) L. Wild Ginger. 
549. A. canadense L. Frequent in low woods. 
550. A canadense acuminatum Ashe. Our commonest form. 
551. A. canadense reflexitm (Bicknell) Robinson. Infrequent. All 
these are quite variable. 
75. POLYGONACEAE (Buckwheat Family) 
Rumex L. Dock. 
•552. R. Patientia L. Infrequent around German settlements. The 
leaves used for greens. (Europe) . 
553. R. Britawnica L. Great Water Dock. Common in swampy 
places. 
•554. R. ci·isptts L. Yellow Dock. A very common, unlawful weed 
in fields and waste places. (Europe). 
- 555. R. mexicanus Meisn. Common; often confused with the next; 
all three perianth lobes tubercled. 
556. R. altissimtts Wood. Smooth or Pale Dock. Common in alluvial 
soil; only one perianth lobe tubercled. 
557. R. verticillat'US L. Frequent in swamps. 
•558. R. obtusif olitts L. Bitter Dock. Infrequent. Naturalized from . 
Europe. · 
559. R. persicarioides L. (R. rnaritimus of older Manuals) Common 
in marshes. 
•560. R. Acetosella L. Sheep Sorrel. A common noxious perennial 
weed. (Europe) . 
Polygon um (To urn.) L. Knotweed. 
561. P. exserfom Small. Rare; Chickasaw and Union counties. 
562. P. avicttlare L. Knot-grass. A very common dooryard weed. 
563. R. neglectmn Besser. (P. avicuwre angustissirnum Meisn.) 
Infrequent; an upright, narrow-leaved form. 
564. P. erectum L. A common, upright plant, resembling P. avictt-
lare, but of stockier growth, and larger, and wider leaves. 
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565. P. ramosissimum Micill::. A tall plant, common in rather dry 
ground. 
566. P. ten1ie Michx. A low, narrow-leaved species, frequent in dry 
ground. 
567. P. Uipathifolium L. (P.ersicaria S. F. Gay) Very common in 
low, waste places. 
568. P. amphibium L. (Persicaria S. F. Gay) Common in still 
water; the large, shiny leaves floating. 
569. P. amphibium H artwrightii (Gray) Bissel. Frequent; an up-
right, pubescent plant, in shallow water or wet soil. 
570. P. Muhlenbergii (Meisn.) S. Wats. (Persicaria Small, P. coccinea 
Greene) Tan-weed, Devil's Shoe-string. A common, trouble-
some weed in low, cultivated soil. 
571. P. iowense (Rydb.) Cratty, n. comb. (Persicaria Rydb.) Re-
sembling the preceding, but has wider leaves, and is very pubes-
cent throughout. Collected near Ames, July 29, 1902, by R. E. 
Buchanan. Type in I.S.C. Herbarium, No. 77, 688, Co-type in 
N. Y. Botanic Garden. 
572. P. pennsylvanicum L. (Persioaria Small) A very common, 
annual species. 
573. P. longistylum Small. (P.ersiooria Small) Very rare; 3% miles 
s.w. of Turner, Jasper Co. (H. S. Conard). 
574. P. Hydropiper L. (Persicaria Opiz) Smart-weed or Water 
Pepper. An annual species; not very common. 
575. P. acre HBK. (P. punctafom Ell., Persicaria punctata Small) 
Our commonest Smart-weed; usually perennial. 
576. P. hydropiperoides Michx. (Persioaria Small) Mild Water 
Pepper. Infrequent. 
•577. P. Persicaria L. (Persicaria Persi~ Small) Lady's Thumb. 
Common in cultivated ground and waste places. (Europe). 
•578. P. orientale L. (P.ersicaria Spach) Prince's Feather. A com-
mon escape from cultivation. ( S. Asia). 
579. P. virginianum L. (Tovara Raf.) Common in woods. 
580. P. sagittatum L. (Tracaulon Small) Common in swampy places 
near timber. 
•581. P. Convolvulus L. (Tiniaria Webb. & Moquin.; Bilderdykia 
Dum.) Black Bindweed. Common ; fields and waste places. 
(Europe) 
582. P. scandens L. ( Tiniaria Small; Bilderdykia Greene) High-
climbing Wild Buckwheat. Common in thickets. 
•583. P. dumetoi-um L. ( finiaria Opiz; Bilderdykia Dum.) Rare; 
resembling the preceding but with smaller flowers and fruit. 
(Europe). 
Fagopyrum (Tourn.) L. Buckwheat. 
•584. F. esculentum Moench. Common Buckwheat. Persists as a 
weed for sometime after cultivation. (Probably N. Asia). 
Polygonella Michx. 
585. P. articuUita (L.) Meisn. (Delopyrum Small) Very rare; 
Steamboat Rock, Hardin Co . . (Miss C. M. King); Clinton Co. 
(Fred Weiss) 
204 R. I. CRATTY 
76. CHENOPODIACEAE (Goosefoot Fami"ly) 
Cycloloma Moq. 
586. C. atriplicifolium (Spreng.) Coult. Winged Pigweed. Infre-
quent southeast. 
Xochia Roth. 
•587. K. Scoparia L. The typical form rare; R.R. yards, Nevada, 
Story Co. (R. I. Cratty, Miss Ada Hayden) Introduced from 
Europe. 
•588. K. trichophylla Staph. (K. scoparia var. Bailey) The Burn-
ing Bush, a common escape from gardens. (Europe). 
Chenopodium ( Tourn.) L. G-0osefoot, Pigweed. 
•589. C. ambrosioides L. Mexican Tea. Frequent. (Tropical Am.) 
•590. C. ambrosioides anthelminticum (L.) Gray. Wormseed. The 
more common form. (Tropical Am.). 
•591. C. Botrys L. Jerusalem Oak. Feather Geranium. Infrequent. 
(Europe). 
592. C. rubrum L. Rare; Emmet Co. (B. 0. Wolden). 
•595. C. glaucum L. Oak-leaved Goosefoot. Rare. (Europe). 
594. C. hyb1·idum L. Common, especially in rich woods. 
•595. C. album L. (including C. lanceolatum Muhl. and C. paganum 
Reich) Lamb's Quarters. Very common in rich soil, waste places, 
and around dwellings; a variable sp,ecies. (Europe). 
•596. C. urbicum Moq. Infrequent. (Europe). 
597. C. Boscianum Moq. Common in woods. 
598. C. leptophyllum Nutt. Infrequent in or near timber. Leaves 
narrow. 
Atriplex (Tourn.) L. Orach. 
•599_ A. rosea L. Infrequent in waste places. Emmet, Cass, PoTu: 
and Sioux counties. (Europe). 
•600. A. patttla L. Frequent as a weed. (Europe). 
•601. A. patula hastata (L.) Gray. A frequent weed. (Europe). 
Axyris L. 
•602. A. amaranthoides L. Russian Pigweed. Introduced from north-
ern Asia. Rare; Crawford Co. (L. H. Pammel). 
Salsola L. 
•603. S. pestifer Aven Nelson (S. Kali tenuifolia of Manuals). Russian 
Thistle. Common in very dry situations, railway embankments, 
etc. Very troublesome in the Dakotas and westward. (Europe). 
77. AMARANTHACEAE ( Amamnth Family) 
Amaranthus (Tourn.) L. Amaranth. 
•604. A. 1·etroflexus L. Pigweed, Red-root. Very common in rich soil 
and waste places. (Tropical Am.) 
- •605. A ... hybridus L. (including A. paniculatus L. and A. hypochon-
driacus L.) Frequent in cultivated ground. (Tropical Am.). 
606. A graecizan.s L. (A. alb us L.) Our common Tumble-weed; very 
widely distributed. 
•607. A. blitoides S. Wats. Prostrate Pigweed. Common. Native 
west of the Rocky Mountains. 
•608. A. spinosiis L. Infrequent. Naturalized from Tropical America. 
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Acnida. L. 
609. A. altissima Riddell. (A. tubercuwta l\foq.) Water Hemp. 
Frequent in low ground. 
610. A. tamariscina (Nutt.) Wood. Frequent in very wet soil. The 
fruit dehiscing circumcissile, otherwise much like the preceding. 
Both species are dioecious. 
Froelichia Moench. 
611. F. campestris Small. (F. fioridana Moq. in part). Rare in the 
southeastern counties. 
612. F. gracilis Moq. Rare in the southeast. 
78. NYCTAGINACEAE (Four-O'Clock Family) 
Allionia Loefi. (Oxybaphus L'Her.) 
613. A. linearis Pursh. ( Oxybaphus Robs.) Rare on dry hills; 
Woodbury Co. (L. H. Pammel). 
614. A. hirsuta Pursh. (Oxybaphus Sweet) Frequent in dry ground. 
615. A. nyctaginea Michx. ( OxybaphusSweet) Wild Four-0 'Clock. 
Frequent. The plant has a remarkably large root. 
81. PHYTOLACCACEAE (Pokeweed Family) 
Phytolacca L. 
616. P. decandra L. Pokeweed. Frequent in the southern part. Also 
cultivated. The juice of the ripe berries furnishes a bright red 
stain ; the root very poisonous. 
82. AIZOACEAE (Carpet-weed Family) 
Mollugo L. 
•617. M. verticillata L. Carpet-weed. Frequent on sandy shores. 
Native farther south. (Southern U. S.). 
83. PORTULACACEAE (Purslane Family) 
Talinum Adans. 
618. T. parvifiorum Nutt. Very rare in dry ground; Lyon Co. (L. 
H. Pammel, R. I. Cratty.) 
Claytonia. (Gronov.) L. 
619. C. robusta (Somes) Rydb. Rare; Johnson Co. Perhaps only 
a robust form of the following. 
620. C. virginica L. Spring Beauty. Common in low, rich woods; 
one of our earliest spring flowers. 
Portulaca (Tourn.) L. 
•621. P. oleracea L. Purslane, Pigweed. Very common as a weed in 
gardens. (Europe). 
85. CARYOPHYLLACEAE (Pink Famiily) 
Anychia Michx. 
622. A.. canadensis (L.) BSP. (A.. dichotoma Michx.) Forked Chick-
weed. Frequent. 
Ste Ilaria 
. •623. S. niedia (L.) Cyrill. Common and very troublesome in lawns. 
(Europe). 
624. S. longifolia Muhl. Frequent in low, grassy places. 
•625. S. graminea L. Rare; introduced in lawn grass seed. Emmet 
Co. (B. 0. Wolden) (Europe). 
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Cerastium L. Mouse-ear Chickweed. 
626. C. nutans. Raf. Frequent. 
•627. C. vulgatum L. A frequent weed in lawns and pastures. 
(Europe). 
628. C. velutinum Raf. ( C. ob"longifolium Torr.) Rare; Winneshiek 
Co. (E. W. Holway). 
Arenaria L. Sandwort. 0, 
. 629. A. laterifiora L. (Moehringia Fenzl.) Frequent in the eastern 
part. 
•630. A. serphyllifolia L. Rare on a dry ridge in a wooded pasture; 
Emmet Co. (B. 0. Wolden) Adventive from Europe. 
631. A stricta Michx. (Sabulina Small) Infrequent in dry soil; 
Winneshiek and Fayette counties. 
Agrostemmai L. 
•632. A. Githago L. Corn Cockle. A frequent weed in grain fields. 
(Europe). 
Silene L. 
633. S. ootirrhina L. Sleepy Catchfly; Common. 
634. S. antirrhina divaricata Robinson. Rare; Wapello Co. (L. H. 
Pammel). 
•635. S. dichotoma Ehrh. Frequent as a weed. (Europe). 
•636. S. noctifiora L. Night-flowering Catchfly. Infrequent. (Europe). 
637. S. stellata (L.) Ait. fil. A common woodland species. The leaves 
whorled. 
638. S. nivea (Nutt.) Otth. (S. alba Muhl.) Infrequent. Perhaps 
not native with us. 
•639. S. Cserei Baumg. Rare; Emmet and Chickasaw counties. 
(Europe). 
Lychnis (Tourn.) L. 
•640. L. alba Mill. (L. vespertina Sibth. (Melandrium Garcke), 
White Campion. Frequent in hedges and around dwellings. 
(Europe). 
Saponaria L. 
•641. S. officinalis L. Bouncing Bet. Common in cultivation and as 
an escape. (Europe). 
•642. S. Vaccaria L. (Vaccaria vulgaris Host., V. Vaccaria Britton.) 
Cow Herb. Frequent as a weed in grain fields. (Europe). 
86. NYMPHAEACEAE (Pond Li"ly Fami"ly) 
Nymphaea (Tourn.) L. 
643. N. advena Ait. (Nuphar Ait. fil.) Yellow Water Lily, Cow 
Lily. Common in shallow lakes and ponds. 
Castalia Salish. 
644. C. odorata (Ait.) Woodville & Wood. (Nymphaea Ait.) Sweet-
scented Water Lily. Rare in permanent ponds; Winneshiek Co. 
(H. Goddard). 
645. C. tuberosa (Paine) Greene. (Nymphaea Paine) Large White 
Water Lily. Common in lakes and ponds. 
Nelumbo (Tourn.) Adans. 
646. N. lutea (Willd.) Pers. Yellow Nelumbo, Water Chinquapin. 
Rare; found only in a few localities. Perhaps introduced into 
Iowa by the Indians who used its seeds and tubers for food. 
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Brasenia Schreb. 
647. B. Schreberi Gmel. (B. peltata Pursh) Water Shield. Rare; 
Little Wall Lake, Hamilton Co. It is also native in Asia, Africa 
and Australia. 
87. CERATOPHYLLACEAE (Honewort Fannily) 
Ceratophyllum L. 
648. C. demersum L. Honewort. Frequent in shallow water. 
89. RANUNCULACEAE (Crowfoot Family) 
Ranunculus ( Tourn.) L. 
649. R. circinatus Sibth. (Batrachium Rchb.) Stiff Water-Crowfoot. 
Infrequent . 
. 650. R. aquatilis trichophyllus Gray. (Batrachium triclwphyllum 
Bosch.) White Water-Crowfoot. Frequent in ponds. 
651. R. Cymbalaria Pursh. ( Oxygraphis Prantl; Halerpestes Greene). 
Frequent on low prairies. 
652. R. delphiriif.olius Torr. (R. multifidus Pursh) Yellow Water-
Crowfoot. Frequent in still water, sloughs and ponds. 
653. R. Pursl1ii Richards. Rare; known in Iowa only near the s.e. 
shore of Spirit Lake, Dickinson Co. (R. I. Cratty). 
654. R. ovalis Raf. ( R. rhomboideus Goldie) Frequent on dry hill-
sides. 
655. R. scelemttts L. Cursed Crowfoot. Common in woods. 
656. R. abortivus L. Common in low, moist woods. 
657. R. recurvatus Poir. Infrequent. 
·658. R. fascicularis Muhl. Frequent on hill slopes. 
659. R. septentrionalis Poir. Very common in low ground. Our 
earliest Yellow Buttercup. 
660. R. caricetorum Greene. Rare; Winneshiek Co. (H. Goddard) 
Closely allied to the preceding, the stems and petioles pubescent. 
Referred here by the late Dr. Rydberg. 
661. R. sicaeformis Mack. & Bush. Rare; Fayette Co. (Bruce Fink) 
Perhaps only a rank form of R. septentrionalis. 
662. R. pennsylvanicus L. fil. Frequent. 
•663. R. acris L. Infrequent. (Europe). 
Myosurus (Dill.) L. 
664. M. minimus L. Mouse-tail. Very rare; Muscatine Co. (Ferd 
Reppert). 
Thalictrum (Tourn.) L. Meadow-Rue. 
665. T. dioicum L. Common in rich woods. 
666. T. dasycarpum Fisch. & Lall. Very common, woods and prairies. 
667. T. hypoglaucum Rydb. Rare; Story and Grundy counties. (det. 
by Dr. Rydberg). 
Anemonella Spach. 
668. A. thalictroides (L.) Spach. (Syndesmon Hoffmg. Rue Ane-
mone. Common in low woods. An early spring flower. 
Hepatica (Rupp.) Hill. 
669. H. acutiloba DC. Hepatica. Common in low, rich woods. 
Anemone (Tourn.) L. Anemone. 
670. A. ca,roliniana Walt. Infrequent in or near timber. 
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671. A. cylindrica Gray. Common; woods and prairies. 
672. A. virginiana L. Frequent; resembling the preceding, but much 
coarser. 
673. A. canadensis L. Very common; open woods and prairies. 
67 4. A. quinquef olia L. Common in low, rich woods. 
Pulsatilla Pers. 
675. P. patens (L.) Mill. (Anemone patens Wolfgangiana of Gray's 
Manual) Wind or Pasque Flower. Common in early spring 
on dry hillsides, especially northward. 
Clematis L. Virgin's Bower. 
676. C. virginiana L. (including C. missouriensis Rydb.) Common 
in open woods. 
677. C. Pitcheri T. & G. (Viortia Britton) Frequent. 
678. C. verticillaris DC. Infrequent. 
Isopyrum L. 
679. I. biternatum (Raf.) T. & G. Common in rich woods. 
Caltha (Rupp.) L. 
680. C. palustris L. Marsh Marigold. Frequent in springy places. 
Aquilegia (Tourn.) L. 
681. A. canadensis L. (A. latiuscula Greene) Columbine. Very 
common in open woods. 
Delphinium (Tourn.) L. J.Jarkspur. 
*682. D. Ajacis L. An occasional escape from gardens. (S. Europe). 
683. D. tricorne Michx. Infrequent in the eastern part. 
*684. D. cultorum Voss. The common garden cultivar; occasionally 
escaped; origin not worked out. 
685. D. virescens Nutt. (D. albescens Rydb.; has been referred to 
the western D. Penardi Huth.) Frequent in dry soil; open 
woods and prairies. 
'Aconitum (Tourn.) L. 
686. A. noveboracense Gray (var. pseudociliatum Fassett). Aconite. 
Monkshood. Infrequent ; Dubuque and Allamakee counties. 
Actaea L. Baneberry. 
687. A. rubra (Ait.) Willd. The common red-fruited Baneberry. 
688. A. alba (L.) Mill. (A. rubra neglecta Robinson) Rare in rich 
woods; resembles the preceding, but with white fruit. 
689. A. brachypoda Ell. (A. alba Bigel. not Mill.) Frequent. The 
white fruit on thickened pedicels. 
Hydrastis Ellis. 
690. H. canadensis L. Golden Seal. Rare in the northeast. 
91. BERBERIDACEAE (Barberry Family) 
Podophyllum L. 
691. P. peltatum L. May Apple, Mandrake. Common in open woods, 
except in the northwestern part. 
Jeffersonia B.S. Barton. 
692. J. diphylla (L.) Pers. Twin-leaf. Rare; Clermont, Fayette Co. 
(E. R. Walker). 
Caulophyllum Michx. 
693. C. thalictroides (L.) Michx. Blue Cohosh. Frequent in rich 
woods. 
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Berberis (Tourn.) L. 
•694. B. vulgaris L. Common Barberry. A frequent escape from 
cultivation. It is the winter host of the stem rust of wheat. 
(Europe). 
•695. B. Thunbergii DC. Japanese Barberry. Very common in cul-
tivation and occasionally escaped. (Japan). 
92. MENISPERMACEAE (Moonseed Family) 
Menispennum (Tourn.) L. 
696. M. canadense L. l\foonseed. A perennial-stemmed vine, common 
in open woods. 
96. ANONACEAE (Custard Apple Family) 
Asimina Adans. 
697. A. triloba Dunal. Papaw. Infrequent in the southern part. 
102. PAPAVERACEAE (Poppy Family) 
Sanguinaria (Dill.) L. 
698. S. carw,densis L. Bloodroot. Very common in rich woods. 
Chelidonium {Tourn.) L. 
•699. C. majus L. Celandine; rare as an escape. (Europe). 
Argemone L. 
•700. A. mexicana L. Mexican Poppy. Rare as a garden escape. 
(Mexico). 
701. A. intermedia Sweet. Rare on our western border. 
102a. FUMARIACEAE (Fumitory Family) 
Dicentra Bernh. · 
702. D. Cucitllaria (L.) Bernh. (Bicuculla Millsp.) Dutchman's 
Breeches. A very common spring flower in low, rich woods. 
703. D. canadensis (Goldie) Walpers. (Bicuculla Millsp.) Squirrel 
corn. Infrequent in the northeast. · 
Corydalis (Dill.) Medic. 
704. C. micrantha (Engelm.) Gray. (Capnoides Britton). Frequent 
in dry ground. 
705. C. aurea Willd. (Capnoides Kuntze) Infrequent. 
103. CRUCIFERACEAE (Mustard Family) 
Draba (Dill.) L. 
•706. D. verna L. Whitlow Grass. Rare. (Europe). 
707. D. caroliniana Walt. Infrequent. 
Berteroa DC. 
•708. B. incana (L.) DC. Frequent in cultivated ground. (Europe). 
Alyssum (To urn.) L. 
•709. A. alyssoides L. (A. calycinmn L.) Sweet Alyssum. A rare 
escape as a weed in pastures, Monona Co. (Europe). 
Lesquerella S. W ats. 
710. L. argentea (Pursh) MacM. (L. ludoviciana S. Wats.) Very 
rare; Iowa Falls, Hardin Co. (Morton E. Peck). 
Thlaspi (Tourn.) L. 
•111. T. arvense L. Penny Cress. Frequent. (Europe). 
Lepidium (Tourn.) L. Pepper grass. 
712. L. 'virginicum L. Common. 
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713. L. densifiorum Schrad. (L. apetalum of authors, not Willd. ) 
Very common. 
•714, L. perfolwtum L. Rare; Story and Poweshiek counties. 
(Europe). 
•715_ L. campestre R. Br. Infrequent. (Europe). 
•716. L. Draba. L. ( Cardari,a Desv.) A noxious perennial species 
becoming common. (Europe). 
Capsella Medic. 
•717_ C. Bursa-pastoris (L.) Medic. (Bursa Britton) Shepherd's 
Purse. A very common weed. (Europe). 
Camelina Crantz. 
•ns. C. sativa (L.) Crantz. Common, especially in flax fields. 
(Europe). 
•719_ C. microcarpa Andrz. Rare; Dickinson Co. (H. S. Conard). 
(Europe). 
Raphanus (Tourn.) L. 
•720. R. Raphanistrum L. Wild Radish, Jointed Charlock. Rare. 
(Europe). 
•721. R. sativus L. The Common Radish ; occasionally persists around 
gardens. (Europe). 
Chorispora R. Br. 
•722. C. tenella DC. Rare; on Federal Highway No. 75, two mi. n. 
of Sioux City. (B. 0. Wolden) Adventive from Europe. 
Brassica (Tourn.) L. Mustard. 
•723. B. alba (L.) Boiss. White Mustard. Rare as an escape. (Europe). 
•724. B. arvensis (L.) Ktze, Charlock. A noxious weed, very common 
in grain fields and waste places. (Europe) . 
•725. B. juncea (L.) Cosson. Indian Mustard. Frequent; often con-
fused with the preceding. (Europe). 
•726. B. nigra (L.) Koch. Black Mustard. Roadsides and ~aste 
places. Less common than B. m·vensis. (Europe). 
•727. B. campestris L. Rutabaga. Occasionally persisting one or two 
years. (Europe) . 
•728. B. Napus L. Rape. Common in cultivation and as an escape. 
(Europe). 
•729. B. Rapa L. Turnip. Occasionally found like the two preceding. 
(Europe). 
Eruca (To urn.) Mill. 
•730. E. sativa Mill. Garden Rocket. Sparingly adventive. (Europe). 
Diplotaxis DC. 
•731. D. m1tralis (L.) DC. Infrequent in waste places (Europe). 
Conringia (Heist.) Link. 
•732. C. orientalis (L.) Dumort. Hare's-ear Mustard. Infrequent. 
(Europe). 
Sisymbrium (Tourn.) L. 
•733, S. offecinale leiocarpum DC. Hedge Mustard. Common; all 
ours have smooth pods. (Europe) . 
•734, S. altissimiim L. Tumble or Tower Mustard. Common in waste 
places. (Europe). 
735. S. canescens Nutt. (Sophi,a pinnata Howell) A common poly~ 
morphous species, in rather dry ground. Seeds in two rows. 
•736. S. Sophi,a L. (Sophi,a Bophi,a Britton ) Infrequent. (Europe). 
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•737. S. Thalianum (L.) J. Gay. (Arabidopsis Schur.) Rare; Web-
ster Co. (F. W. Paige) (Europe). 
738. S. incisum Engelm. Infrequent in dry ground. Seeds in a 
single row in pod. 
Hesperis (Tourn.) L. 
•739, II. matronalis L. Dame's Rocket. .An occasional escape. 
(Europe). 
Erysimum (Tourn.) L. (Cheirinia Link) 
740. E. cheiranthoides L. Worm-seed Mustard. Common in dry, 
sandy soil. 
•741. E. parvifiorum Nutt. Rare; introduced along railroads. (West-
ern Plains). 
742. E. asperum DC. Western Wall Flower. Rare as a native on 
a rocky ledge, Van Buren Co. (Mrs . .A. .A. Campbell). Occa-
sionally cultivated. 
Radicula (Dill.) Hill. (Nasturtium R. Br.) 
•743, R. nasturtium-aquaticum (L.) Britten and Rendle. Infrequent 
in the northeast. (Europe). 
•744. R. amphibia (L.) Druce. (Nasturtium L.; Rorippa Bess.) 
Muddy banks of the Des Moines R., Estherville, Emmet Co. 
(B. .0. Wolden) A recent immigrant. (Europe). 
•745. R. sylvestris (L.) Druce. Yellow Cress. Rare in waste places. 
(Europe). 
746. R. sessilifiora (Nutt.) Greene. Rare; Decatur Co. (J. P . .An-
derson). 
747. R. simiata. (Nutt.) Greene. Infrequent. 
748. R. palustris (L.) Moench. Marsh Cress. Common in low :fields. 
•749. R. Arnwracia (L.) Robinson. (Armoracia rusticana Gaertn.) 
Horse Radish. Frequently escaped. (Europe). 
Barbarea R. Br. 
•750. B. vulgaris R. Br. Winter Cress. Introduced in Iowa, but 
native farther north. (Europe). 
Iodanthus T. & G. 
751. I. pinnatifid1t.S (Michx.) Steud. (Thelypodium S. Wats.) In-
frequent. 
Dentaria (T-0urn.) L. 
752. D. 1.aciniata Muhl. Toothwort. Frequent in low, wet ground. 
Cardamine (Tourn.) L. Bitter Cress. 
753. C. bulbosa (Schreb.) BSP. (C. rhomboidea Goldie) Common 
in low, wet places. 
754. C. Douglassii (Torr.) Britton. (C. purpurea Britton) Purple 
Cress. Quite rare; Linn Co. (Ruth E. Whaley). 
755. C. parvifiora L. ( C. hirsuta sylvatica of authors). Infrequent 
in woods. 
756. C. pennsylvanica Muhl. Frequent in open woods . 
.A.rabis L. Rock Cress. 
757. A. lyrata L. Rare in the northeast. 
758. A. dentata T. & G. Frequent in woods. 
759. A. Dritmmondi Gray. Infrequent in open woods. 
760. A. brachycarpa (T. & G.) Britton. Infrequent. Basal leaves 
densely pubescent. 
761. A hirsitta (L.) Scop. Frequent in rather dry ground. 
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762. A. gl,abra (L.) Bernh. (Turritis L.) Rare; Allamakee Co. 
(H. A. Hendricksen). 
763. A. "laevigata (Muhl.) Poir. Infrequent. 
764. A. canadensis L. Sickle-pod. Infrequent. The Ledges, Boone 
Co. (L. H. Pammel). 
105. CAPP.ARIDACEAE (Caper Family) 
Polanisia Raf. 
765. P. graveolens Raf. Infrequent; Lake shores and sandy banks. 
766. P. trachysperma T. & G. Similar situations and much more 
common. 
Cleome L. 
767. C. serru"lata Pursh. (Peritoma DC.) Stinking Clover, Spider 
Plant. Native in the western part, also cultivated. 
106. RESEDACEAE (Mignonette Famil!y) 
Reseda (Tourn.) L. 
•768. R. Luteol,a L. Dyer's Weed. Rare as an introduced weed; 
Monona Co. (R. E. Pim) (Europe). 
113. CRASSULA:CEAE (Orpin.e Famil;y) 
Penthorum (Gronov.) I...1. 
769. P. sedoides L. Ditch Stone-crop. Common in low places. 
Sedum ( Tourn.) L. 
•no. S. purpureum Tausch. (S. Telephium of Gray's Manual 6th 
not L.) Live-for-ever. Rare as an escape from cultivation. 
(Europe). 
115. S.AXIFRAG.A:CEAE (Saxifrage Family) 
Sullivantia T. & G. 
771. S. renifolia Rosendahl. (S. ohionis T. & G. in part). Rare in 
the northeastern part. 
Sa.xif~ (Tourn.) L. 
772. S. pennsylvanica L. (Micranthes Haw.) Saxifrage. Infre-
quent ; eastern and southern. 
Heuchera L. 
773. H. hispida Pursh. Alum Root. Common in dry ground. 
Mitella (Tourn.) L. 
774. M. diphyll,a L. Miterwort. Common in the eastern half. 
Chrysosplenium (Tourn.) L. 
775. 0. tetrandrum Fries. (C. iowense Rydb.) Golden Saxifrage. 
Rare; Winneshiek Co. (Holway, Goddard). 
Parnassia (Tourn.) L. 
776. P. caroliniana Michx. (P. americana Muhl.) Grass of Par-






R. Cynosbati L. ( GrossuW.ria Mill.) Prickly-fruited Goose-
berry. Frequent in open woods. ., 
R. missouriense Nutt. ( Grossu"laria Coville ' & Britton; Ribes 
gracile Michx.) Our very common Smooth-fruited Gooseberry. 
R. oxyacanthoides L. (Grossularia Mill.) Smooth Gooseberry. 
Rare in Balsam Fir Grove, Allamakee Co. (L. H. Pammel). 
R. americanum Mill. (R. ftoridum L'Her.) Wild Black Cur-
rant. Common. 
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•781. R. vulgare Lam. The Red Currant of gardens. An occasional 
escape. (Europe). . 
•782. R. odoratum Wend. (R. aureum of authors not Pursh). Flower-
ing Currant. A frequent escape. (Western U. S.). 
121. HAMAMELIDACEAE (Witch-Hazel Family) 
Hamamelis L. 
783. H. virginiana L. Witch-hazel. Infrequent in the eastern .part. 
122. PLATANACEAE (Plane-tree Famil;y) 
Platanus (Tourn.) L. 
784. P. occidentalis L. Sycamore. Common in the southern half. 
124. ROSACEAE (Rose Family) 
Physocarpus Maxim. 
785. P. opulifolius intermedius (Rydb.) Robinson. (Opulaster i'flr 
t.ermediiis Rydb.) Nine bark. Common, especially in the eastern 
part. 
Spiraea (Tourn.) L. 
786. S. alba Du Roi. (S. salicifolia of Am. authors not of L. which 
is an Asiatic species). Common. 
Aruncus (L.) Adans. 
787. A. sylvester Kost. (A. pubescens Rydb.) Goat's Beard. Rare 
in wooded ravines in the eastern part. 
Pyrus (To urn.) L. 
•788. P. baccata L. Siberian Crab Apple. Rare as an escape. (Asia). 
789. P. ioensis (Wood) Bailey. (Malus Britton) Wild Crab Apple. 
Frequent except in the northwestern part. 
•790. P. Malus L. (Malus sylvestris Mill.) The Common Apple. An 
occasional escape. (Eurasia). 
Sorbus (Tourn.) L. 
791. S. americana L. (Pyrus DC.) American Mountain Ash. Rare; 
Allamakee and Fayette counties. 
•792. S. Aucuparia L. (Pyrus Ehrh.) European Mountain Ash or 
Rowan Tree. Rarely escaped. (Europe). 
Amelanchier Medic. June or Service Berry. 
793. A. canadensis (L.) Medic. Common in woods, the early leaves 
pubescent. 
794. A. iaevis Wiegand. Frequent ; a segregate from the preceding 
-leaves smooth from the first. 
795. A. oblongifolia (T. & G.) Roem. Frequent in the northeastern 
part. 
796. A. humilis Wiegand. (A. alnifolia of Gray's Manual, 7th ed.) 
Common except in the southwestern part. 
Crataegus L. Thorn Apple. Hawthorn. 
797. C. Crus-galli L. Cock-spur Thorn. Infrequent. 
798. C. punctata Jacq. Common; one of our handsomest species. 
799. C. Margaretta Ashe. Frequent. 
800. C. succulenta Schrad. ( C. macracantha of Manuals). Frequent. 
801. C. Calpodendron (Ehrh.) Medic. (C. tomentosa of Am. authors 
not of L.) Frequent in the eastern part. 
802. C. pertomentosa Ashe. Infrequent. 
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803. C. chrysocm·pa Ashe. ( C. rofandif oli.a Borek. ; C. coccinea rotun-
dif oli.a Sargent). Infrequent. Emmet Co. (R. I. Cratty, B. 
0. Wolden). 
804. C. mollis (T. & G.) Scheele. Our commonest species. Much 
field work is needed in this difficult genus. 
Fragaria (Tourn.) L. Strawberry. 
805. F. virgini.ana Duchesne. Less common than the next. 
806. F. Grayana Vilmorin ( F. virginiana illinoensis Prince) . Our 
commonest Wild Strawberry. This and the preceding variable. 
807. F. americana (Porter) Britton. (F. vesca amerioana Porter). 
Common in woods. 
Potentilla L. Cinquefoil, Five-finger. 
808. P. arguta Pursh. Frequent in dry soil. 
809. P. monspeliensis L. A very common, weedy species. 
810. P. millegrana Engelm. (P. rivalis var. S. Wats. ) Frequent in 
marshes. 
811. P. pentandra (Engelm.) (P. rivalis var. S. Wats.) S. Wats. 
Frequent in low places. 
812. P. paradoxa Nutt. Frequent on sandy shores of lakes. 
'813. P. argentea L. Rare in dry, barren soil. 
•814. P. recta L. Rare. Introduced in a pasture in Story Co. (L. 
H. Pammel). Adventive from Europe. 
815. P. palustris (L.) Scop. (Com,arum L.) Frequent in our north-
ern marshes. 
816. P. tridentata Ait. (Sibbaldiopsis Rydb.) Rare; near Hesper, 
Winneshiek Co. (A. S. Hitchcock) . 
817. P. Anserina L. (Argentina Rydb.) Silver Weed. Rare in 
moist situations. 
818. ' P. canaden.sis L. (Including the var. simplex T. & G.). Very 
common; open woods and prairies. 
Dasiphora Raf. 
819. D. frutiwsa (L.) Rydb. (Potentilla L.) Shrubby Cinquefoil. 
Rare in the northeastern section. 
Geum L. A vens. 
820. G. canadense Jacq. (G. album J. F. Gmelin). Common in 
woods. 
821. G. virgini.anum L. Frequent. 
822. G. macrophyllum Willd. Infrequent; Winneshiek and Jeffer-
son counties. 
823. G. strictum Ait. Frequent. The :flowers of this and the pre-
ceding are yellow. 
824. G. oamporum Rydb. Rare; Emmet Co. (Cratty and Pammel). 
Rydberg in N. Am. Flora. XXII, 403 (1913). 
Sieversia Willd. 
825. S. cili.ata (Pursh) G. Don. (Including S. triflorum R. Br., 
Geum Pursh) Purple A vens, Old Man's Whiskers. Infrequent ; 
central and eastern. 
Ru bus ( Tourn.) L. 
826. R. strigosus Michx. (R. idaeus aculeatissimus Regel & Tiling) 
Wild Red Raspberry; very common in open woods. 
827. R. occidentalis L. Wild Black Raspben·y. Common with the 
preceding. 
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828. R. trifiorus Richards. ( R. pubescens Raf.) Rare; Dubuque 
Co. ( Pammel & Trenk). 
829. R. allegheniensis Porter. Our commonest Wild Blackberry. 
830. R. pergratiis Blanchard. Frequent. 
831. R. argutus Link. (R. villosus of Authors). Infrequent. 
832. R. heterophyllus Willd. (R. recurvans Blanchard). Frequent 
in the central part. 
833. R. Baileyanus Britton. Infrequent. Referred here by M. L. 
Fernald. 
834. R. ftagellaris Willd. Frequent. The Iowa Rubi need a thorough 
revision, requiring careful field work. 
Agrimonia (Tourn.) L. Agrimony. 
835. A. gryposepala Wallr. Our commonest woodland species. 
~ 836. A. striata Michx. Infrequent in the southern part. 
837. A. parviftora Ait. Frequent in the southern part. 
Rosa (Tourn.) L. Rose. 
838. R. blanda Ait. Smooth or Meadow Rose; Common, especially 
in or near timber. 
839. R. suffitlta Greene. (R. pratincola and R. heliophila Greene). 
Our common very prickly-stemmed species on upland prairie 
and in cultivated fields. 
840. R. W oodsii Lindl. Rare. 
841. R. carolina L. Swamp Wild Rose. Frequent southeast. 
842. R. Lyoni Bush. Several specimens referred here by Mr. B. F. 
Bush. 
843. R. conjuncta Rydb. Infrequent; central and western. 
844. R. virginiana Mill. (R. lucida Ehrh.) Infrequent. 
845. R. Williamsii Fernald. Two specimens referred here by Mr. 
Bush. 
•846. R. rubiginosa L. Sweet Brier, the Eglantine of Chaucer, Spen-
ser, and Shakespere. An occasional escape. (Europe). The 
above is only a tentative list. Our Wild Roses require more 
thorough field study, and better specimens in both flower and 
fruit. 
Prunus (To urn.) L. 
847. P. virginwna L. (P. serotina Ehrh.) Wild Black Cherry. Very 
common. 
848. P. nana Du Roi. (P. virginiana of Authors, not of L.) Choke 
Cherry. Common, border of woods; the fruit very astringent. 
849. P. pennsylvanica L. fil. Frequent in woods. 
850. P. pumila L. Sand Cherry. Rare; Lyon and Dickinson counties. 
•851. P. Cerasus L. The Common Cultivated Cherry. An occasional 
escape. (Europe). 
852. P. americana Marsh. Our common Wild Plum; border of woods. 
•853. P. Persica (L.) Stokes. (Amygdalus L.) Peach. Escaped in 
the southern part. (Asia) . 
126. LEGUMINACEAE (Pea Family) 
Desmanthus Willd. 
854. D. illinoensis (Michx.) (MaclVI.) (Acuan Kuntze). Infre-
quent; shores of lakes and ponds. 
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Schrankia Willd. 
855. S. uncinata Willd. (Leptoglottis Niittallii DC.) Sensitive 
Brier. Rare; Harrison Co. (Mrs. A. J. Schim). 
Gymnocladus Lam. 
856. G. dioica (L.) Koch. ( G. canadensis L.). Kentucky Coffee . 
Tree. Throughout, but not very common. 
Gleditsia L. 
857. G. triac.anthos L. Honey Locust. Frequent. 
Cassia (Tourn.) L. 
858. C. Medsgeri Shafer. (C. rnarilandica of authors in part). Wild 
Senna. Infrequent in dry ground. 
859. C. Chamaecrista L. ( Charnaecrista f asciciilata Greene) Part-
ridge Pea. Common in dry ground. 
Cercis L. 
860. C. canadensis L. Red Bud or Judas Tree. Frequent in the 
southern part, and common in cultivation. 
Baptisia Vent. False Indigo. 
861. B. bracteata (Muhl.) Ell. (B. leucophoea Nutt. ) Very com-
mon ; open prairies and border of woods. 
862. B. leucantha T. & G. Frequent in open woods. 
Crotalaria (Dill.) L. 
863. C. sagittalis L. Rattle-box. Infrequent in dry soil. 
Lupinus (Tourn.) L. 
864. L. perennis L. Lupine. Rare; Winneshiek Co. ( E. W. Hol-
way). 
Trifolium (To urn.) L. 
•865. T. arvense L. Rabbit-foot or Stone Clover. Frequent along 
highways. (Europe). 
•866. T. incarnatum L. Crimson or Italian Clover. Infrequent 88 
an escape. (Europe). 
•867. T. prafonse L. Red Clover. Very common in cultivation and 
as an escape. (Europe). 
8,68. T. refiexmn L. Buffalo Clover. Rare; Muscatine Co. (Ferd 
Reppert). 
•869. T. repens L. Everywhere common. (Europe) . 
•870. T. hybridum L. Alsike Clover. Cultivated and escaped. 
(Europe). 
•871. T. agrariiim L. Yellow or Hop Clo,·er. Infrequent in dry 
ground. (Europe). 
•872. T. procumbens L. Low Hop Clover. Frequent along highways. 
The middle leaflet petioled. (Europe) . 
Melilotus (To urn.) Hill. 
•873. M. officinalis (L.) Lam. Yellow Sweet Clover. Frequent in 
waste places and on roadsides. (Europe). 
•874. M. alba Desr. White Sweet Clover. Common as a weed along 
highways, railroads and in waste places. (Europe). An annual 
form, Hubam Clover, is extensively cultivated for forage, and 
as a soiling crop. 
Medicago (To urn.) L. 
•875. M. sativa L. Alfalfa. Common in cultivation and as an escape. 
(Europe). 
•876. M. falcata L. Rare; Story, Ringgold, and Hamilton counties. 
(Europe). 
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•877. M. lupulina L. Black Medick. Frequent in lawns and as an 
escape. (Europe). 
Anthyllis (Rivinius) L. 
•878. A. Vulneraria L. Kidney Vetch. Rare. Story and Wright 
counties. A beautiful plant. (Europe). 
Hosackia Dougl. 
879. H. amerioana (Nutt.) Piper. (H. Purshiana Beuth.) Infre-
quent in dry ground. 
Psoralea L. 
880. P. Onob1·ychis Nutt. Rare in the southern part. 
881. P. fioribunda Nutt. (P. tenuifolia var. Rydb.) Frequent in 
the western counties. 
882. P. argophylla Pursh. Common on upland prairies. 
883. P. lanceolata Pursh. Rare; Monona Co. (L. H. Pammel). 
884. P. esciilenta Pursh. The Pomme Blanche, or Pomme de Prairie 
of the French Voyageurs. Frequent on knolls. The large, 
starchy root was used for food by the Indians. 
Amorpha L. 
885. A. oanescens Pursh. Lead Plant. Very common on dry knolls 
and hillsides. 
886. A. microphylla Pursh. (A. nana Nutt.). Infrequent on prai~ 
ries; Emmet and Decatur counties. 
887. A. fruticosa L. False Indigo. A very common shrub. 
888. A fruticosa angustif olia Pursh. Rare; a narrow-leaved form 
of the preceding. 
Dalea Juss. 
889. D. alopecuroides Willd. (Parosela Dalea Britton). Frequent 
near timber. 
890. D. enneandra Nutt. (D. laxifiora Pursh, Parosela enneandra 
Britton). Infrequent in dry soil in the western part. 
Petalostemon Michx. Prairie Clover. 
891. P. purpureus (Vent.) Rydb. Very common, especially on 
prairies. 
892. P. multifiorus Nutt. Very rare; Woodbury Co. (L. H. Pam-
mel.) 
893. P. olygophyllus (Torr.) Rydb. Rare; Woodbury and Monona 
counties. 
894. P. oandidus Michx. White Prairie Clover. Common. 
Tephrosia Pers. 
895. T. virginiana (L.) Pers. (Cracca L.) Hoary Pea. Infrequent; 
Delaware, Lee and Buchanan counties. 
Robinia L. 
•896. R. Pse1tdo-Acacia L. Common Locust or False Acacia. Culti-
vated and escaped. (Southern U. S.). 
•897. R. hispida L. Bristly Locust or Rose Acacia. Rare as an es-
cape from cultivation. Chickasaw Co. (W. D. Spiker). (South-
ern U. S.). 
Astragalus (Tourn.) L. 
898. A. oaryooarpus Ker. ( Geoprumnon crassicarpus Rydb.) Ground 
Plum. Frequent on dry prairies and morainic hills; northern 
and western sections. 
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899. A. canadensis L. (A. carolinianus L.) Milk: Vetch. Common on 
upland soil. 
900. A. adsurgens Pall. (A. striatus Nutt.) Rare; Ocheydan Mound, 
Osceola Co. (T. J. Fitzpatrick). 
901. A. H ypoglottis L. Rare; open prairies, Emmet and Kossuth 
counties. 
902. A. distortits T. & G. Infrequent in dry soil. 
903. A. lotijlorus Hook. (Phaca Nutt.). Rare in the southwest sec-
tion; Decatur and Fremont counties. 
Oxytropis DC. 
904. 0. Lamberti Pursh. Loco or Crazy Weed. Frequent in the 
northwest section on morainic hills. 
Glycyrrhiza (Tourn.) L. 
905. G. lepidota (Nutt.) Pursh. Wild Licorice. Frequent in rather 
dry soil. The fruit resembling cockleburs. 
Coronilla L. 
•906. C. varia L. Axseed or Axwort. A recent immigrant from 
Europe; Plymouth, Monona and Lyon counties. (Europe). 
Desmodium Desv. (Meibomia Heist.) 
907. D. niulijlorum (L.) DC. (M. Kuntze). Infrequent in woods. 
908. D. grandijlorum (Walt.) DC. (M. Kuntze). Common in woods. 
909. D. canescens (L.) DC. (M. 191ntze). Rare in the southern 
part. 
910. D. bracteosum longifolium (T. & G.) Robinson. (M. Uingifolia 
Vail). Frequent in the eastern half. 
911. D. illinoense Gray ( M. Klpltze). Infrequent; flowers occasion-
ally yellow. ' 
912. D. Dillenii Darl. (M. Kuntze). Frequent in rich woods. 
913. D. paniculatum (L.) DC. (M. Kuntze). Infrequent. 
914. D. canadense (L.) DC. (M. Kuntze). Very common, prairies 
and open woods. 
Lespedeza Michx. Bush Clover. 
915. L. violacea (L.) Pers. Frequent in dry soil in the southern part. 
916. L. virginica (L.) Britton. Infrequent. Mostly in the southern 
part. 
917. L. capitata Michx. Common; dry prairies and margin of woods. 
918. L. capitata wngifolia (DC.) T. & G. Infrequent; a narrow-
leaved form of the preceding. 
919. L. leptostachya Engelm. Rare on upland prairies. 
Vicia (Tourn.) L. Vetch. 
•920. V. sativa L. Spring Vetch. Infrequent as an escape from cul-
tivation. (Europe). 
921. V. americana Muhl. Very common. 
922. V. ·americana angustifolia Nees. (V. linearis S. Wats., V. spar-
sifiora Nutt.) Rare; Marshall Co. (L. H. Pammel). 
•923. V. villosa Roth. Hairy or Winter Vetch. Cultivated, and a 
frequent escape. (Europe). 
Lathyrus (Tourn.) L. Wild Vetch. 
924. L. palustris L. Frequent on low prairies; becoming rare. 
925. L. ochroleucus Hook. Frequent in woods. 
926. L. venosus Muhl. Common; prairies and in open woods. 
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Apios (Boerh.) Ludwig. 
927. A. tuberosa Moench. Ground Nut or Wild Bean. Frequent; 
border of woods, climbing over shrubs. 
Strophostyles Ell. Trailing Bean. 
928. S. helvola (L.) Britton. Frequent; sandy shores of lakes and 
streams. 
929. S. pauciflora (Benth.) S. Wats. Frequent; with the preceding. 
Amphicarpa Ell. Hog Peanut. ? 
930. A. monoica (L.) Ell. (Falcata comosa Kuntze). Common, 
prairies and open woods. 
931. A. Pitcheri T. & G. (Falcata Kuntze). Frequent. Often con-
fused with the preceding. 
127. GERANIACEAE (Geranium Family} 
Geranium (Tourn.) L. Cranesbill. 
932. G. maculatum L. Wild Cranesbill. Very common in low, rich 
woods. 
933. G. carolinianum L. Frequent; mostly in dry soil. 
934. G. Bicknellii Britton. Infrequent; Emmet, Fayette, and Mont-
gomery counties. 
•935. G. pusillttm Burm. fil. Rare; introduced with lawn grass seed, 
Emmet and Story counties. (Europe). 
Erodium L 'Her. 
•936. E. cicidarium (L.) L'Her. Storksbill, Alfilaria, Filaree. Rare 
as an introduced plant. Cultivated in the Pacific Southwest. 
(Europe). 
128. OXALIDACEAE (Wood-Sorrel Family) 
Oxalis L. 
•937. 0. corniculata L. ( 0. re pens of Gray's Manual 7th; Xanthox-
alis Small) Creeping Wood Sorrel. Introduced around green-
houses. (Europe) . 
938. 0. cymosa Small. (0. corniculata of Gray's Manual in part, 
Xanthoxylis Small). Tall Yellow Wood Sorrel. Our common-
est species and very variable. 
939. 0. stricta L. (0. Bushii Small in part, Xanthoxalis Small) A 
low, variable plant, with closely appressed pubescence on stems 
and branches. Frequent in dry ground. 
940. 0. violacea L. (Ionoxalis Small). Violet Wood Sorrel. Com-
mon, woods and open fields. 
Lin um 
'rhe Yellow Wood Sorrels form an extremely variable group ; 
constant characters seem to be lacking, so that with our present 
knowledge it is only possible to list them provisionally. 
130. LINACEAE (Flax Family) 
•941. L. usitatissimum L. Common Flax. A frequent escape from 
cultivation. (Europe). 
942. L. sulcatum Riddell. (Cathartolinum Small) Frequent on dry 
prairies. 
943. L. virginianum L. ( Cathartolinum Reichenb.) Infrequent; 
Polk and Des Moines counties. 
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133. ZYGOPHYLLACEAE (C<iltrop Famil;y) 
Tribulus (To urn.) L. 
•944. T. terrestris L. Caltrop, Puncture Vine. Infrequent in dry 
ground. The spiny burs adhering to automobile and bicycle 
tires, hence the second popular name. (Europe). 
135. RUTACEAE (R-ue Famii'{;y) 
Zanthoxylum L. 
945. Z. americanum Mill. Prickly Ash. Very common in open woods. 
Ptelea 1,. 
946. P. trifolwta L. Hop Tree. Infrequent in the eastern and south-
ern sections. 
136. SIMARUBACEAE (Quassia Famiily) 
Ailanthus Desf. 
•947. A. altissima (Mill.) Swingle. (A. glandulosa Desf.). Tree of . 
Heaven. Rare as an escape from cultivation; a native of China 
and the East Indies. 
143. POLYGALA:CEAE (Milkwort Family) 
Polygala (Tourn.) L. Milkwort. 
948. P. Senega L. Seneca Snakeroot. Frequent. 
949. P. incarnata L. Rare. Floyd and Emmet counties. 
950. P. viridescMs L. (P. sanguinea L.) Common. 
951. P. verticillata L. Frequent on low prairies. 
145. EUPHORBIACEAE (Spurge Fami"ly) 
Croton L. 
952. C. glandulosus L. (var. sept.entrionalis Muell.-Arg.) Infrequent 
in the southeastern part. 
953. C. m01ULnthogynus Michx. Rare; Monona Co. (C. F. Balloun). 
954. C. capitatus Michx. Rare; Marion Co. (M. D. Textrum.) The 
species is ~dely distributed in the Southern States. 
Acalypha L. . 
955. A. virginica L. Three-seeded Mercury. Common; woods and 
waste places. 
Euphorbia L. Spurge. 
956. E. petaloidea Engelm. ( Chamaesyce Small). Rare; Story Co. 
(A. S. Hitchcock). 
957. E. serpens HBK. ( Chamaesyce Small). Infrequent. 
958. E. serphyllifofo Pers. ( Chamaesyce Small). Frequent in dry 
ground. 
959. E. glyptosperma Engelm. (Charnaesyce Small). Common. 
960. E. Preslii Guss. (E. nutans Lag., Chamaesyce Arthur) A com-
mon weedy species. 
961. E . maculata L. (Chamaesyce Small) Very common especially 
in pastures and cultivated ground. 
962. E. hexag01UL Nutt. (Zygophyllidium Small) Rare; Hardin and 
Boone counties. (L. H. Pammel) 
963. E. marginata Pursh. (Dichrophyllum Kl. & Garke) Snow-on-
the-Mountain. Frequent on our western border; also common 
in cultivation and as an escape. 
964. E. corollata L. (Tithymalopsis Kl. & Garcke) Very common 
in dry soil. 
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965. E. heterophylla L. (Poinsettia Small) Frequent in low ground. 
' 966. E. obfosata Pursh. (Tithymnlus Kl. & Garcke) Rare; Web-
ster and Decatur counties. 
967. E. arkansana missouriensis Norton. (E. dictyosperma of Gray's 
Manual, not of F. & M.; TithymalitS arkansana Kl. & Garcke) 
Rare; Humboldt, Webster and Johnson counties. 
•968. E. Esula L. (Tithymalus Hill.) Leafy Spurge. A troublesome 
perennial weed, becoming common. (Europe) 
•969. E. lucida Waldst. & Kit. (Tithymalus Kl. & Garcke) Infre-
quent; resembles the preceding. (Europe) 
•970. E. Cyparissias L. (Tithymalus Hill.) Cypress Spurge. Fre-
quently planted in cemeteries and escaped to roadsides. (Europe) 
•971, E. Pe plus L. ( Tithymalus Hill.) Rare; Muscatine Co. (Europe) 
972. E. wmmutata Engelm. (Tithymalus Kl. & Garcke) Rare in 
the northeastern part. 
146. CALLITRICHACEAE (Water Starwort Family) 
Callitriche L. 
973. C. palustris L. Water Starwort. Rare; Emmet Co. (B. 0. 
Wolden) 
974. C. heterophylla Pursh. Rare; Ringgold Co. (.J. P. Anderson) 
151. ANACARDIACEAE (Suww Family) 
Rhus L. 
975. R. hirta. (L.) Sudworth. (R . typhina L.) Staghorn Sumac. 
Frequent northeast; rare farther west. 
976. R. glabra L. Smooth Sumac. Very common, border of woods. 
977. R. copallina L. Rare; Van Buren County. (L. H. Pammel) 
978. R. Toxicodendron L. ( Toxicodendron Toxicodendron Britton; 
T. Rydbergii Greene) Poison Oak. The low, shrubby form, 
very common. 
979. R. radicans L. (Toxicodendron Kuntze) Poison Ivy; the climb-
ing form. Infrequent, eastern and southern. 
980. R. canadensis Marsh. (R. aromatica Ait; Schmaltzia crenata 
Greene) Fragrant Sumac ; frequent ; also cultivated. 
159. AQUIFOLIACEAE (Holly Family) 
IlexL. 
981. I. verticillata (L.) Gray. Black Alder or Winterberry, very 
rare; Mitchell County. (Mrs. H.F. Walker) 
156. CELASTRACEAE (Staff Tree Family) 
Euonymus (Tourn.) L. (EvonymitS) 
. 982. E. atropurpureus Jacq. Burning Bush, Waahoo. Frequent in 
open woods; also cultivated. 
Celastrus L. 
983. C. scandens L. Climbing Bittersweet. Common; also cultivated. 
The vine when in mature fruit much used for winter decoration. 
159. STAPHYLEACEAE (Bladder Nut Family) 
Staphylea L. 
984. S. trifolia L. Bladder Nut. Frequent in open woods; a hand-
some shrub. 
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161. ACERACEAE (Maple Fatmily) 
Acer. (Tourn.) L. 
985. , A. spicatum Lam. Mountain Maple. A shrubby species, fre-
quent in open woods in the northeast section. 
986. A saccharum Marsh. (A. subglaucum Bush) Rock or Sugar 
Maple. Most common in the eastern part. 
987. A . nigr1tm Michx. fil. (A saccharum var. Britton.) Black Sugar 
Maple. This and the preceding valuable as shade trees, and 
their wood much used in cabinet work. 
988. A. saccharinum L. Soft or Silver Maple. Common throughout 
the state. A rapid growing tree. 
989. A Negundo L. (Negundo aceroides Moench.) Box Elder. A 
very common and hardy tree, but not desirable for cultivation ; 
includes several recently proposed segregates. 
162. HIPPOCASTANA:CEAE (Horse Chestnut Famil!y) 
lEsculus L. Horse Chestnut, Buckeye. 
990. AE. glabra Willd. Frequent in the southern half; also culti-
vated. 
991. AE. glabi·a arguta (Buckley) Robinson. Infrequent in the south-
ern part. 
166. BALSAMINACEAE (Touch-me-not Family) 
Impatiens (Rivinius) L. Balsam, Jewel-weed. 
992. I. pallida Nutt. Pale Touch-me-not. Common in low, wet woods. 
993. I. bi/fora Walt. (I. fulva Nutt.) Spotted Touch-me-not. Com-
mon in similar situations. 
167. RHAMNACEAE (Bucktlwrn F(ltmiliy) 
Rhamnus (Tourn.) L. Buckthorn. 
994. R. alnifolia L'Her. Rare in the eastern part. 
•995. R. cathartica L. Common Buckthorn. An occasional escape 
from cultivation. (Europe) 
996. R. lanceolata Pursh. Most common in the southern half of the 
state. 
168. VITACEAE (Vine Family) 
Psedera N eek. 
997. P. quinquefolia (L.) Greene. (Ampelopsis Michx.; Partheno-
cissus Planchon) Virginia Creeper. Common; the tendrils 
mostly ending with adhesive disks. 
998. P. quinquefolia hirsuta, (Don) Rehder. a pubescent form. In-
frequent. 
999. P. vitacea (Knerr) Greene. Common; the leaves shining above, 
the tendrils with few or no adhesive disks. 
Cissus L. 
1000. C. Ampelopsis Pers. (Ampelopsis cordata Michx.) Rare in 
the northeast; Fremont Co. (J.P. Anderson, T. J. Fitzpatrick). 
Vitis (Tourn.) L. Grape 
1001. V. aestivalis Michx. Summer Grape; frequent in the north-
eastern section. 
1002. V. bicolor Le Conte. Summer Grape. Rare in the northeast. 
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1003. V. cinerea Engelm. Sweet Winter Grape. Infrequent in the 
southern part. 
1004. V. cordifolia Michx. Frost Grape. Infrequent in the southern 
part. 
1005. V. vulpina L. (V. ripm·ia Michx.) Common Wild Grape. River 
banks and open woods ; introduced along fences by birds. 
1006. V. rupestris Scheele. Sand or Sugar Grape. Very rare, Lee Co. 
(L. H. Pammel) Perhaps introduced by birds from farther 
south. 
172. TILIACEAE (LindMi Family} 
Tilia (Tourn.) L. 
1007. T. americana L. (T. glabra Vent.) American Linden or Bass-
wood. Very common. A valuable shade tree; the flowers much 
visited by bees. 
173. MALVACEAE (Mallow Family} 
Abutilon (Tourn.) Mill. 
•1008. A. Theophrosti Medic. Indian Mallow, Butter-print, Velvet-
leaf. A common weed in fields and waste places, often difficult 
to eradicate. (Old World Tropics.) 
Malvastrum Gray. 
1009. M. wccineum (Pursh) Gray. (Sphaeralcea Rydb.) False 
Mallow. Rare, Harrison Co. (L. H. Pammel) Very common 
on the western plains. 
Sida L. 
•1010. S. spinosa L. Indian or False Mallow. An Old World species. 
frequent in waste places. (Europe) · 
Althaea L. 
•1011. A. rosea Cav. Hollyhock. Frequently escaped. (China) 
Malva (Tourn.) L. 
•1012. M. rotundif oli,a L. Common Mallow or Cheeses. Frequent as 
a weed near dwellings. (Europe) . 
•1013. M. verticillata L. (Including M. c1·ispa L.) Curled Mallow. 
Rare as an escape. (Europe) 
•1014. M. sylvestris L. High Mallow. Infrequent as an escape. (Europe) 
Callirrhoe Nutt. Poppy Mallow. 
1015. C. triangiilata (Leavenw.) Gray. Rare in the southern part. 
1016. C. involucrata (T. & G.) Gray. Native in the southwestern 
part ; also cultivated. 
Napaea (Clayt.) L. 
1017. N. dioica L. Glade Mallow. Infrequent in the eastern part. 
Hibiscus L. Rose Mallow 
1018. H. militaris Cav. Rare; river banks. 
•1019. H. 1'rionum L. Shoo-fly, Flower-of-an-Hour. Escaped from 
cultivation; a troublesome weed in some places. (Europe). 
184. GUTTIFERACEAE ( H ypericaceae} 
. (St. John's-wort Family} 
Hypericum (Tourn.) L. 
1020. H. Ascyron L. Great St. John's-wort. Frequent in dry ground 
•1021. H. perforatum L. Common St. ,John's-wort. Our only intro-
duced and weedy species; difficult to eradicate. (Europe). 
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1022. H. punctaturn L. (H. coryrnbos1tm Muhl.) Common in 'low 
ground. 
1023. H. prolificum L. Shrubby St. John's-wort. Infrequent. 
1024. H. cistifolium Lam. (H. sphaRtrooo1·pon Michx.) Infrequent. 
1025. H. ellipticum Hook. Rare in wet places. 
1026. H. mutilum L. Frequent in our northern marshes. 
1027. H. majus (Gray) Britton. (H. canadense var. Gray) Common 
in low places. 
1028. H. virginicum L. (Elodea campanulata Pursh) Common in 
swamps. 
Sarothra L. 
1029. S. gentianoides L. (Hypericum BSP.) Orange-grass, Pine-
weed. Rare in sandy soil. Clinton Co. (Fred Weiss) 
190. mSTACEAE (Rockrose Family) 
Belianthemum (Tourn.) Mill. 
1030. H. majus (L.) BSP. (C1·ocanthcmitm Britton) Rockrose. 
Frequent in dry soil. 
Lechea (Kalm) L. Pinweed. 
1031. L. minor L. Infrequent in dry soil. 
1032. L. stricta Leggett. Frequent. 
1033. L. tenuif olia Michx. Frequent in dry soil. 
195. VIOLACEAE (Violet Family) 
Viola (Tourn.) L. Violet. 
1034. V. pexJ,ata L. Bird.foot violet. Frequent on dry hillsides; a 
variable species. 
1035. V. pedata lineariloba DC. Infrequent in dry soil. 
1036. V. cucullata Ait. Common Blue violet. Flowers varying in 
color from white to dark blue; preferring low ground. 
1037. V. papilionacea Pursh. Very common and resembling the pre-
ceding. 
1038. V. palmata L. Infrequent. Leaves 5.9 lobed. 
1039. V. sororia Willd. Infrequent. Moist soil in woods and on 
shady ledges. 
1040. V. sagittata Ait. Rather rare in the eastern part. 
1041. V. pedatifida G. Don. Common on dry prairies. Leaf forms 
variable. 
1042. V. scabriuscula Schwein. (V. eriocarpa Schw.) Smooth Yel-
low Violet. Very common in woods. Typical V. pubescens with 
which this intergrades, may not occur within our limits. 
1043. V. canadensis L. White violet. Frequent in woods. 
1044. V. conspersa Reich. (V. Muhlenbergii Torr.) Rare; Winne-
shiek and Allamakee counties. 
•1045. V. tricolor L. Our common Pansy; an occasional escape from 
cultivation. (Europe) 
203. LOASACEAE (Loasa Family) 
Nuttallia Raf. 
1046. N. decapetala (Pursh) Greene. (Mentzelia Pursh) Showy 
Mentzelia. InfNlquent on our northwestern border. 
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207. CACTACEAE (Cactus Family) 
Opuntia (Tourn.) Mill. Prickly Pear. 
1047. 0. humifusa Raf. ( 0. Rafinesquii Engelm.) Infrequent, sandy 
soil, limestone bluffs, Pottawattamie County. (L. H. Pammel), 
Lyon County. (R. I. Cratty) 
1048. 0. fragilis (Nutt.) Haw. Rare in very dry soil near Granite, 
Lyon Co. (L. H. Pammel) 
211. THYMELAEACEAE ( Oleaster Family) 
Dirca L. 
1049. D. paliistris L. Leatherwood, Moosewood, or Wicopy. Infre-
quent, eastern and southern. The tough, fibrous bark used by 
the Indians for thongs. 
212. ELAEAGNACEAE (Oleaster Family) 
Elaeagnus (To urn.) L. 
•1050. E. angustif.olia L. Oleaster. Rare as an escape; Dickinson Co. 
(Europe) 
Shepherdia Nutt. 
1051. S. argentea Nutt. (Lepargyrea Greene) Buffalo Berry. In-
frequent in the western part. 
213. LYTHRACEAE (Loosestrife Family) 
Didiplis Raf. t--
1052. D. diamdra (Nutt.) Wood. (D. linearis Raf.) Water Purs-
lane. Rare; Ringgold and Decatur counties. 
Rotala L. 
1053. R. ramosior (L.) Koehne. (Ammannia humilis Michx.) Rare; 
Lee Co. ( ( Pammel & Reppert) 
Ammannia (Houston) L. 
1054. A. ooccinea Rottb. Rare; Webster Co. (F. W. Paige) 
Lythrum L. 
1055. L. alatum Pursh. Loosestrife. Very common on low prairies. 
Cuphea P. Br. 
1056. C. petiolata (L.) Koehne. ( C. viscosissima Jacq., Parsonsia 
petiolata Rushy) Rare; Lee Co. (P. H. Rolfs) 
221. ONAGRASEAE (Evening Primrose Family) 
Ludwigia L. False Loosestrife. 
1057. L. alt.ernifolia L. Frequent. 
1058. L. polycarpa Short & Peter. Frequent in wet places. 
Chamaenerion (To urn.) Adans. 
1059. C. angustif.olium (L.) Scop. (Epilobium L., C. spicatum S. F. 
Gray) Great Willow Herb or Fire-weed. Common in the north-
eastern section. 
Epilobium L. Willow Herb. 
1060. E. ,densum Raf. (E. lineare Muhl.) Common in marshes. 
1061. E. coloratum Muhl. Frequent in swampy places. 
1062. E. adenocaulon Haussk. Common in similar habitats. 
<Enothera L. Evening Primrose. 
1063. OE. muricata L. Frequent, especially near timber; apt to be 
confused with the next. 
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1064. OE. biennis L. Common Evening Primrose. Very common and 
weedy in habit. 
1065. OE. rhombipetala Nutt. (Raimannia Rose) Frequent. 
•1066. OE. Zaciniata Hill. (Rairnannia Rose) Rare; Polk Co. Re-
cently introduced from Western Plains (Mrs. R. W. Zeuch; 
Lee Co., Jess L. Fults) 
•1067. OE. Nuttallii Sweet. (Onagm Spach) Rare, R.R. right-of-
way, Story Co. (Western Plains) 
Meriolix Raf. 
1068. M. serrulata (Nutt.) Walp. (OEnothera Nutt.) Common on 
morainic hills in the northern part. 
Gaura L. 
1069. G. biennis L. Common; sometimes weedy in grain fields. 
1070. G. coccinea Pursh. Rare in dry soil in the western part. 
Circaea (Tourn.) L. Enchanter's Nightshade. 
1071. C. lutetiana L. Very common in woods. 
1072. C. alpina L. Rare in the eastern part; a much smaller plant. 
222. HALORAGIDACEAE (Water 11'1ilfoil Family) 
Myriophyllum (Vaill.) L. Water Milfoil. 
1073. M. spicatum L. Common in rather deep, quiet water. 
1074. M. scabratum Michx. (M: pinnatum BSP.) Infrequent in still 
water. 
Proserpinaca L. 
1075. P. palustris L. Mermaid Weed. Rare; Muscatine Co. (Ferd 
Reppert). 
224. ARALIACEAE (Ginseng Family) 
Aralia (To urn.) L. 
1076. A. racemosa L. Spikenard. Common in rich woods. 
1077. A. nudicaulis L. Wild Sarsaparilla. Common in rich woods. 
Panax L. 
1078. P. quinquefolium L. Ginseng. Once common in rich woods, 
now becoming rare. The root valued as a cure-all by the Chinese. 
225. UMBELLIFERACEAE (Parsley Family) 
Eryngium (T-0urn.) L. Eringo. 
1079. E. yuccifolium Michx. Rattle-snake Master. Button Snakeroot. 
Common. 
Sanicula (Tourn.) L. Sanicle. 
1080. S. rnarilandica L. Frequent in woods. 
1081. S. gregaria Bicknell. Common. 
1082. S. canadensis L. Frequent. 
Chaerophyllum (Tourn.) L. 
1083. C. p1·ocumbens (L.) Crantz. Infrequent in moist ground. 
Osmorhiza Raf. Sweet Cicely. 
1084. 0. Clayt.oni (Michx.) Clarke. (Washingtonia Britton) Com-
mon in rich woods. 
1085. 0. longistylis (Torr.) DC. (Washingtonia Britton) With the 
preceding and more common. The var. villicaulis Fernald also 
occurs. 
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Conium L. 
•1086. C. macuUitum L. Poison Hemlock. Infrequent; an escape from 
gardens where it is cultivated under the misleading name of 
California Fern. The root a deadly poison. (Europe) 
Cicuta L. Water Hemlock. 
1087. C. macuUita Spotted Cowbane. Very common in low ground; 
the tuberous roots very poisonous. 
1088. C. bulbifera L. A more slender plant. Infrequent in swamps; 
the leaf axils bear numerous bulblets. 
Carum L. 
•1089. C. Carvi L. Caraway. A common garden escape. (Europe) 
Berula Hoffm. 
1090. B. erecta (Huds.) Coville. Very rare. Emmet Co. (B. 0. 
Wolden) 
Si um (To urn.) L. 
1091. S. cicutaefolium Schrank. Common in wet places. 
Cryptotaenia DC. (Deringa Adans.) 
1092. C. canadensis (L.) DC. Honewort. Very common in open 
woods. 
Zizia Koch. 
1093. Z. aurea (L.) Koch. Golden Alexander. Common; resembles 
Thaspium but the central fruit in each umbel of this genus is 
sessile. 
1094. Z. cordata (Walt.) DC. Frequent; preferring drier ground 
than the preceding. 
Foeniculum (Tourn.) Hill. 
•1095. F. vulgare Hill. Cultivated and a frequent escape. (Europe) 
Taenidia -Drude. 
1096. T. integerrima (L.) Drude. (Pimpinell,a Gray) Common in 
rich woods. 
Thaspium Nutt. Meadow Parsnip. 
1097. T. trifoliatum (L.) A. Gray. (T. aureum Nutt; T. atropur-
pureum Nutt.) Infrequent ; open woods and prairies. Petals 
purple or yellow. 
1098. T. barbinode (Michx.) Nutt. Frequent in similar habitats. 
Cogswellia Spreng. (Lomatium Raf.) 
1099. C. orientalis (C. & R.) (P~ucedanum nudicaule Nutt. in part) 
Rare in dry ground. Emmet Co. (B. 0. Wolden) 
Pleiotaenia Coult. & Rose. 
1100. P. Nuttallii (DC.) C. & R. (Polytaenia DC.) Infrequent in 
rather dry, barren soil. 
Pastinaca L. 
•1101. P. sativa L. Parsnip; the common garden plant; a frequent 
escape as a weed in pastures and on roadsides. (Europe) 
Beracleum L. 
1102. H. Uinatum Michx. Cow Parsnip. A common, coarse plant in 
rich woods. 
Oxypolis Raf. 
1103. 0. rigidior (L.) C. & R. (Tie·demannia C. & R., A1·chemora 
rigida DC.) Frequent in low ground. 
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Fa.lcaria H-0st. 
•1104. F. vulgaris Bernh. (F. Rivini Host.) Sicklewort. A recent 
introduction from Europe. Sioux Co. (Rex B. Conn) and 
Guthrie Co. (E. W. Gilman) A very persistent perennial. 
(Europe) 
Torilis Adans. 
•1105. T. Anthriscus (L.) Bernh. Rare along a highway in Hardin 
Co. (L. H. Pammel) Introduced from Europe. 
Da.ucus (Tourn.) L. 
•1106. D. Carota L. Wild Carrot. The garden cultivar; escaped as 
a weed to pastures and roadsides. (Europe) 
226. CORNACEAE (Dogwood Family) 
Cornus (Tourn.) L. (Svida Opiz) Cornel, Dogwood. 
1107. C. rugosa Lam. (C. circinata L'Her.) Round-leaved Dogwood. 
Frequent in woods. 
1108. C. Amomum Mill. Silky-leaved Dogwood, Kinnikinnik. Com-
mon. 
1109. C. asperifolia Michx. Rough-leaved Dogwood. Frequent. A 
rather tall shrub. 
1110. C. stolonifera Michx. Red-osier Dogwood. Infrequent except 
in the northern part. 
1111. C. panicul.ata L'Her. Common. Fruit white on bright red 
pedicils. 
1112. C. alternifolia L. fil. Common; the fruit deep blue in color. 
228. PYROLACEAE (Wintergr.ee>n Fami"/;y) 
Pyrola. (Tourn.) L. Wintergreen, Shin-leaf. 
1113. P. secunda L. Rare; dry woods and thickets. 
1114. P. elliptica Nutt. Frequent in woods. 
Monotropa. L. 
1115. M. uniflora L. Indian Pipe. Quite rare in dark, rich woods. 
Chima.phila. Pursh. 
1116. C. umbellata (L.) Nutt. Rare; Jackson and Fayette counties. 
230. ERICACEAE (Heath Family) 
Ga.ylussa.cia. HBK. 
1117. G. baccata (Wang.) C. Koch. (G. resinosa. T. & G.) Black 
Huckleberry. Rare; Jones and Muscatine counties. 
Vaccinium L. Blueberry, Huckleberry. · 
1118. V. pennsylvanicum Lam. Rare; Jones and Allamakee counties. 
1119. V. canadense Kalm. Velvet-leaf Blueberry. Rare; Clayton Co. 
(L. H. Pammel) 
234. PRIMULACEAE (Primrose Family) 
Primula. L. 
1120. P. mistassinica Michx. Primrose. Very rare on limestone rocks · 
near Iowa Falls, Hardin Co. (Blanche Stoddard) 
Androsace (Tourn.) L. 
1121. A. occidentalis Pursh. Rare in barren soil. 
Lysimachia. (Tourn.) L. Loosestrife. 
1122. L. terrestris (L.) BSP. (L. stricta Ait.) Infrequent in low 
ground. 
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•1123. L. Nummul.aria L. Moneywort. An occasional escape. (Europe) 
1124. L. thyrsifiora L. Common, especially in northern marshes. 
Steironema Raf. 
' 1125. S. ciliatum (L.) Raf. Common in low ground. 
1126. S. lanceolatum (Walt.) Gray. (Including the var. hybridum 
Gray) Common. 
1127. S. quadrifiorum (Sims) Hitchcock. (S. longifolium Gray) 
Common. 
Dodecatheon L. 
1128. D. Meadi,a L. Shooting Star. Frequent m the eastern and 
southern parts. 
240. OLEACEAE (Obive Family) 
Fraxinus (Tourn.) L. Ash. 
1129. F. ameriooma L. White Ash. Common except in the northwest-
ern part. 
1130. F. pennsylvooica Marsh. Frequent. 
1131. F. lanceolata Borkh. (F. pennsylvanica var. Sargent; F. viridis 
Michx. :fil.) Green Ash. Our commonest species. 
1132. F. qM.drangulata Michx. Blue Ash. Our rarest species. Des 
Moines Co. (L. H. Pammel) 
1133. F. nigra Marsh. Black Ash. Infrequent. Leaflets 7-11 and 
sessile. 
243. GENTIANACEAE (Gentian FamihJ) 
Sabbatia Adans. (Sabatia) 
1134. S. campestris Nutt. Rare in clay soil; Jackson and Lee counties. 
Gentiana (Tourn.) L. Gentian. 
1135. G. crinita Froel. Fringed Gentian. Infrequent in low ground. 
1136. G. procem Holm. ( G. detonsa Fries.) Rare; a narrow-leaved 
species. 
1137. G. quinquefolia L. (G. quinqueflora Hill.) Frequent in low 
ground. 
1138. G. puberula Michx. (Dasystephana Small) Common in dry 
prairie soil. 
1139. G. Saponaria L. (Dasystephana Small) Rare; Story Co. (R. 
I. Cratty) Perhaps overlooked because of its close resemblance 
to the next. 
1140. G. Andrewsii Griseb. (Dasystephana Small) Closed Gentian. 
A common large-flowered and late-blooming species. Probably 
the same as G. clausa Raf. If so, this latter name should be used 
as it antedates G. Andrewsii of Grisebach. 
1141. G. fiavida Gray. (Dasystepha'OO Small) White Gentian. In-
frequent in woods. 
Menyanthes (To urn.) L. 
1142. M. trifoliata L. Buckbean. Frequent in our northern marshes. 
244. APOCYNACEAE (Dogbane F(llrrtily) 
Apocynum (Tourn.) L. Dogbane. 
1143. A. androsaemif.olium L. Spreading Dogbane. Very common; 
usually near timber. 
1144. A. medium Greene. Rare; Lee Co. (Jess L. Fults) 
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1145. A. cannabinum L. Indian Hemp . . Common and variable. 
1146. A. pubescens R. Br. (A. cannabinum var. DC.) Rare; Decatur 
Co. (L. H. Pammel) 
1147. A. sibiricum Jacq. (A. cannabinum hypericifolium (Ait.) Gray) 
Infrequent; Emmet and Decatur counties; the stem leaves with 
clasping bases. 
245. ASCLEPIADACE.AE (Milkweed Family) 
Asclepias ( Tourn.) L. Milkweed. 
1148. A. tuberosa L. Pleurisy-root. Common in rather dry ground. 
1149. A. purpurascens L. Frequent. 
1150. A. incarnata L. Swamp Milkweed. Very common in low ground. 
1151. A. speciosa Torr. Frequent on prairies in the northwe,stern 
part. 
1152. A. syriaca L. (A. Cornuti Deen.) Common Milkweed or Silk-
weed. Very common. 
1153. A. Sullivantii Engelm. Frequent on low prairies. 
1154. A. amplexicaulis Smith. (A. obtusifolia Michx.) Rare; Winne-
shiek Co. (E.W. Holway) 
1155. A. Meadii Torr. Rare; Decatur Co. (J. P. Anderson) 
1156. A. phytolaccoides Pursh. Infrequent. 
1157. A. ovalifolia Decaisne. Frequent in dry ground. 
1158. A. quadrifolia Jacq. Rare in the eastern part. Lower leaves 
whorled. 
1159. A. verticillata L. Common; said to be poisonous to sheep. 
Acerates Ell. Green Milkweed. 
1160. A. floridana (Lam.) Hitch. Frequent. 
1161. A. viridifiora Ell. Common and variable. 
1162. A. lanuginosa (Nutt.) Decaisne. Rare in dry ground. 
Gonolobus Michx. 
1163. G. laevis Michx. Climbing Milkweed. Frequent in the southern 
part and spreading northward. 
246. CONVOLVULAOEAE (Convolvulus Family) 
Breweria R. l3r. (Stylisma Raf.) 
1164. B. Pickeringii (M. A. Curtis) Gray. Rare; Muscatine Co. 
(L. H. Pammel) 
Ipomoea L. Morning Glory 
•1165. I. coccinea L. Star Ipomoea. Rare as a garden escape. (Trop-
ical Am.) 
1168, I. pandurata (L.) G. F. W. Meyer. Wild Potato-vine, Man-
of-the-Earth. Frequent in the southern part. 
1169. I. lacunosa L. Rare; Muscatine Co. (J. H. Mackenzie) 
Convolvulus (Tourn.) L. Bindweed. 
1170. C. spithamaeus L. (Calystegia Gray) Infrequent; a low, usual-
ly upright plant in dry ground. 
•1171. C. japonicus Thunb. The so-called California Rose, a sterile 
garden cultivar, occasionally escaped by suckering. (Japan). 
1172. C. sepium L. Wild Morning Glory or Hedge Bindweed. A 
very common and troublesome native plant in cultivated land. 
•1173. C. arvensis L. European Bindweed, Creeping Jenny. Frequent, 
and especially troublesome in the northwestern part. One of 
our unlawful weeds. (Europe). 
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Cuscuta (Tourn.) L. Dodder. 
•1174. C. Epithymurn Murr. Occasional in clover fields; our only in. 
troduced species. (Europe) . 
1175. C. Polygorwrurn Engelm. (C. obtusifiora of Am. Authors not 
HBK.) Frequent on Polygonitm and other herbs. 
1176. C. pentagona Engelm. (C. arvensis of Am. Authors) Common 
on various herbs. 
1177. C. Coryli Engelm. Hazel Dodder. Common on Hazel and other 
shrubs and tall herbs. 
1178. C. Cephalamthi Engelm. Rare on shrubs and tall herbs. 
1179. C. Gronovii Willd. Infrequent. 
1180. C. ciirta (Engelm.) Rydb. Frequent; a large-fruited species. 
1181. C. glornerata Choisy (C. paradoxa Raf.) A common rope-like 
parasite on tall herbs, mostly Compositaceae. 
247. POLEMONIACEAE (Polemonium Faniily) 
Phlox L. Phlox. 
•1182. P. paniciilata L. An escape from gardens with us. Native 
farther east and south. 
1183. P. maculata L. Frequent in woods. 
1184. P. pilosa L. Common, and extremely variable in color forms. 
1185. P. divaricata L. Very common in low woods. 
1186. P. bifida Beck. Rare; Blackhawk Co. (C. W. Lantz). 
•1187. P. subulata L. Rare as an escape around old gardens. (At-
lantic States). 
Gilia Ruiz & Pavon. 
1188. G. linearis (Nutt.) Gray. Rare as a native, Dickinson Co. 
H. S. Conard), and occasionally introduced. 
Navarretia Ruiz & Pavon. 
*1189. N. intertexta Hook. ( Gilia Ben th.) A rare introduction from 
the far west, Page Co. (E. H. Eichling). 
Polemonium (To urn.) L. 
1190. P. reptans L. Greek Valerian, Jacob's Ladder. Frequent; the 
specific name is misleading, the plant being upright or spread-
ing. 
248. HYDROPHYLLACEAE (Waterleaf Family) 
Hydrophyllum (Tourn.) L. Waterleaf. 
1191. H. virginianmn L. Very common in rich woods. 
1192. H. appendiculatum Michx. Frequent in the eastern part. 
Ellisia L. 
1193. E. Nyctelea L. Very common in low woods; one of our earliest 
spring flowers. 
249. BORAGINACEAE (Borage Family) 
Cynoglossum (To urn.) J;. 
•1194. C. officinale L. Hound's Tongue. Frequent in waste places. 
(Europe). 
Lappula (Rivini.) Moench. 
1195. L. virginiana (L.) Greene. (Echinospermum Lehm.) Beg-
gar's Lice. Very common in woods; a most disagreeable weed. 
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•1196. L. echinata Gilibert. (Echinospermum Lappula Lehm.) Fre-
quent in waste places. (Europe). 
1197. E. Red<>wskii occidentalis (S. Wats.) Rydb. (L. texana Brit-
ton) Rare in the northeastern part. 
Myosotis (Rupp.) L. Forget-me-not. 
1198. M. virginica (L.) BSP. (M. verna Nutt.) Very rare; Garrison 
Rock, Ottumwa, Wapello Co. (L. H. Pammel). 
Mertensia Roth. Lungwort. 
1199. M. virginica (L.) Link. Virginian Cowslip. Frequent. White-
fl.owered forms occur rarely. 
1200. M. panicitlata (Ait.) G. Don. Infrequent in the northeast. 
Lithospermum (Tourn.) L. Gromwell, Puccoon. 
1201. L. latif olium Michx. Frequent in woods. 
1202. L. Gmelini (Michx.) Hitch. (L. hirt·um Lehm. ) Infrequent. 
1203. L. canescens (Michx. ) Lehm. Puccoon, Indian Paint-root . 
Very common; prairies and open woods. 
1204. L . linearifolium Goldie. (L. angustifoliuni Michx. ) Frequent 
in dry ground. The early flowers are large and conspicuous. 
Later the plant is diffusely branched with small cleistogamous 
flowers which are very fertile. 
Onosmodium l\tlichx. 
1205. 0. occidentale Mackenzie. False Gromwell. Common in dry 
ground. 
Echium (Tourn.) L. 
•1206. E. vulgare L. Viper's Bugloss, Blue-weed. Infrequent. 
(Europe). 
250. VERBEN.A:CEAE. (Vervian Family) 
Verbena (Tourn.) L. Verbena, Vervain. 
1207. V. urticaefolia L. A common, white-flowered species. 
1208. V. angustifolia Michx. Infrequent. 
1209. V. stricta Vent. A common, weedy species, especially in pas-
tures. 
1210. V. hastata L. Very common. 
1211. V. bractcosa Michx. Pros.trate Vervain. Common in dry 
ground, especially near dwellings. All our native species of 
Verbena hybridize freely. 
•1212. V. hybrida, the garden cultivar is an occasional escape-prob-
ably a fusion of two or more tropical species. 
Lippia (Houston) h 
1213. L. lanceolata Michx. (Phyla Greene) Fog-fruit. Frequent 
in sandy soil. 
251. LABIATACEAE (Mint Family) 
Teucrium (Tourn.) L. Germander. 
1214. T. canadense L. Common, especially in or near woods. 
1215. T. ,occidentale Gray. Common in low, swampy ground. 
Isanthus Michx. 
1216. I. brachiatus (L.) BSP. (I. coeruleus Michx.) False P enny-
royal. Infrequent. 
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Scutellaria L. Skullcap. 
1217. S. lateriflora L. Mad-dog Skullcap. Common along streams. 
1218. S. ovata Hill. (S. versicolor of Am. Authors) Frequent; moist 
banks. 
1219. S . . epilobifolia Hamilton. (S. galericulata of Am. Authors not 
L.). Common in marshes. 
1220. S. parvula Michx. The typical plant rare southeast. 
1221. S. ambigua Nutt. (S. parvula var. Fern.) Common in dry 
soil ; woods and prairies. 
Marrubium (Tourn.) L. 
•1222. M. vulgare L. Common Horehound. Frequent as a naturalized 
plant. (Europe). 
Agastache Clayt. Giant Hyssop. 
1223. A. nepetoides (L.) Kuntze. Common. 
1224. A. scrophulariaefolius (Willd.) Kuntze. Very common. The 
var . . mollis Fernald occurs in Decatur Co. (J. P. Anderson). 
1225. A. Foenicnlum (Pursh) Kuntze. Rare in dry wooded ravines; 
Emmet Co. (R. I. Cratty, B. 0. Wolden). 
Nepeta L. 
•1226. N. Cataria L. Catnip. Very commonly introduced. (Europe). 
•1227. N. hederacea (L.) Trevisan. (Glechoma Benth.) Ground Ivy, 
Gill-over-the-Ground. Frequent. (Europe). 
Dracocephalum (Tourn.) L. 
1228. D. parvifiorum Nutt. (Moldavica Britton.) Dragon-head. In-
frequent. 
Prunella L. 
1229. P. vulgaris L. Self-heal. Common; also native of Europe. 
Physostegia Benth. 
1230. P. parviflora Nutt. (Dracocephalum Nuttallii Britton). Small-
er False Dragon-head. Common near water. This was included 
in P. virginiana in the older manuals. 
Galeopsis L. 
•1231. G. Tefrahit L. Hemp Nettle. Infrequent in waste places. 
(Europe). 
Lamium L. 
•1232. L. amplexicatile L. Henbit. Infrequent in waste places. 
(Europe). 
Leonurus L. 
•1233. L. Cardiac.a L. Motherwort ; a common, disagreeable weed. 
(Europe). 
Stachys (Tourn.) L. Hedge Nettle. 
1234. S. ambigua (Gray) Britton. Rare. 
1235. S. tenuifolia Willd. (S. aspera glabm Gray) Infrequent. 
1236. S. aspera Michx. (S. tenuifolia var. Fernald) Frequent in 
low ground. 
1237. S. palustris L. (S. scopulorum Greene). Common. . 
1238. S. palustris lwmotricha Fernald (S. homotricha Rydb.) Fre-
quent. 
1239. S. pust1tlata Rydb. Infrequent. 
1240. S. Schweinitzii Rydb. (S. vefotina Schwein.) Frequent. 
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Salvia (To urn.) L. Sage. 
•1241. S. silvestris L. Rare; Dickinson and Pottawattamie counties. 
(Europe). 
1242. S. lancwlata Willd. (S. lanceaefoli,a Auth. not Poir.) Infre-
quent as a native, but spreading rapidly. 
Monarda L. Horse Mint. 
1243. M. didyma L. Oswego Tea, Bee Balm. Rare near the eastern 
border; perhaps introduced. 
1244. M. mollis L. Very common. The eastern Jf. fistulosa may be 
found in the state. 
1245. M. p1inctata L. Frequent in the eastern part. 
Blephilia Raf. 
1246. B. hirsuta (Pursh) Benth. Torr. Frequent. 
Hedeoma Pers. Mock Pennyroyal. 
1247. H. pulegioides (L.) Pers. Frequent. 
1248. H. hispida Pursh. Common, especially in dry ground. 
Pycnanthemum Michx. Mountain Mint. 
1249. P. ftexuositm (Walt.) BSP. Frequent. 
1250. P. virginianum (L.) Durand & Jackson. Very common. 
1251. P. pilosum Nutt. (P. muticum var. Gray) Infrequent. 
Lycopus (Tourn.) L. Water Horehound. 
1252. L. virginicus L. Very common in marshes. 
1253. L. uniflorus Mich.."\'., Infrequent. 
1254. L. rubellits Moench. Frequent in low ground. 
1255. L. asper Greene. (L. lucid1ts americanus Gray). Infrequent. 
1256. L. americanus Muhl. (L. sinuatus Ell.). Common in low 
ground. 
Mentha (Tourn.) L. Mint. 
•1257. M. spicata L. Spearmint. Infrequent as an escape. 
•1258. M. piperita L. Peppermint. Rare as an escape; Decatur Co. 
(Europe). 
•1259. M. gentilis L. Frequent as an introduced plant. (Europe). 
1260. M. arvensis canadensis (L.) Briquet. Wild Peppermint. Very 
common. 
253. SOLANACEAE (Nightshade Famiiy) 
Solanum (Tourn.) L. Nightshade. 
•1261. S. Dulcamara L. Bittersweet. A frequent escape from cultiva-
tion. (Europe). 
•1262. S. triftorum Nutt. Rare; native west and southwest. 
1263. S. nigrum L. Black Nightshade. Common, especially in culti-
vated ground. 
•1264. S. carolinense L. Horse Nettle. A common, noxious, perennial 
weed. (s.e. U. S.). 
•1265. S. 1·ostratttm Dunal. Buffalo Bur. An immigrant from the 
western plains. 
•1266. S. citrullifolimn A. Br. Rare; Fayette Co. (s.w. U. S.). 
•1267. S. sisymbriifolium Lam. Very rare; Fairfield, Jefferson Co. 
(Tropical Am.) 
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Physalis L. Ground Cherry. 
•1268. P. ixooarpa Brotero. The Tomentilla. Rare as an escape; 
Dickinson Co. (s.w. U. S.). 
•1269. P. pubescens L. Ground Cherry. Cultivated and escaped. 
(s.e. U. S.). 
1270. P. pruinosa L. Rare southeast. 
1271. P. missouriensis Mackenzie. Infrequent. 
1272. P. subg"/abrata Mack. & Bush. Frequent. 
•1273. P. A.lkekengi L. Chinese Lantern. Cultivated and occasionally 
escaped; the roots stoloniferous. (China). 
1274. P. heterophylla Nees. Common. 
1275. P. heterophylla ambigua (Gray) Rydb. Less frequent than the 
species. 
1276. P. longif olia Nutt. Frequent. 
1277. P. macrophysa Rydb. Rare; Emmet Co. (B. 0. Wolden) 
1278. P. piimila Nutt. Rare; Story Co. (fide Dr. Rydberg) 
1279. P. virginiana Mill. Frequent. An erect, perennial species. 
1280. P. lanceolata Michx. Frequent in dry soil. 
Lycium L. 
•1281. P. halimifolium Mill. (L. vulgare Dunal) Matrimony Vine. 
A frequent escape. (Europe). 
Datura L. Jim son Weed. 
• 1282. D. Stramoniiim L. An infrequent, rank-smelling weed. (Asia). 
•1283. D. 1'atula L. Purple-stemmed Jimson Weed. Rare; perhaps 
only a form of the preceding. (Asia). 
254. SCROPHULARIACEAE (Figwort Family) 
Verbascum (Tourn.) L. Mullein. 
•1284. V. Thapsus L. Common Mullein. Frequent. (Europe). 
•1285. V. Blattaria L. Moth Mullein. Infrequent. (Europe). 
Linaria (Tourn.) Hill. Toadflax. 
•1286. L. vulgaris Hill. Ramsted, Butter and Eggs. Cultivated and 
a common escape. (Europe). 
1287. L. oanadensis (L.) Dumont. Rare in sandy soil. 
•1288. L. minor (L.) Desf. (Chaenorrhinum Pennell) Rare; Chicka-
saw Co. (Europe). 
· Antirrhinum (To urn.) L. 
•1289. A.. majits L. Snapdragon. Rare as a garden escape. (Europe). 
Scrophularia (Tourn.) L. Figwort. 
1290. S. marilandica L. (S. nodosa var. Gray) The typical form 
infrequent. 
12~1. S. marilandica f. neglecta (Rydb.) Pennell. Common. 
1292. S. lanceolata Pursh. (S. leporel"/a Bicknell.) Frequent in 
woods. 
Pentstemon (Mitchell) Ait. Beard-tongue. 
1293. P. pallidus Small. (P. hirsuttis of Gray's Manual in part, not 
Willd.) Infrequent; southern and eastern. 
1294. P. Digitalis (Sweet.) Nutt. Rare as a native; also cultivated. 
1295. P. grandi~orus Nutt. Infrequent in dry ground. 
Ohelone (Tourn.) L. Turtle-head. 
1296. C. glabra L. Frequent. 
236 R. I, CRATTY 
1297. C. obliqua speciosa Pennell & Wherry. Purple-flowered Turtle-
head. Rare; Mitchell Co. (F. May 'ruttle) and Lee Co. (Paul 
Bartsch) 
1298. C. linifolia f. velutina Pennell & Wherry. Rare; a very narrow-
leaved form. 
Mimulus L. Monkey Flower. 
1299. M. ringens L. Common in marshes. 
1300. M. alatus Ait. Rare; Decatur Co. (J.P. Anderson) 
1301. M. glabmfas Fremontii (Benth.) Pennell. (M. glabratus 
Jamesii Gray) Rare in water or wet places. 
Conobea Aublet. 
1302. C. multifida (Michx.) Benth. (Leucospor.a Pennell) Infre-
quent. 
Bacopa Aublet. 
1303. B. rotundifolia (Michx.) Wetts. (Herpestis Pursh; Monniera 
Michx.) Water Hyssop. Rare; Fremont Co. (A. S. Hitch-
cock). 
Gratiola L. 
1304. G. neglecta Torr. (G. virginiana in part) Common m low 
ground. 
Dysanthes Raf. False Pimpernel. 
1305. I. dubia (L.) Barnhart. Infrequent. 
1306. I. dubia riparia (Raf.) Pennell. Frequent on wet banks and 
low prairies. 
1307. I. inaequalis (Walt.) Pennell. Very rare; Mitchell Co. (F. 
May Tuttle) . 
Veronica (Tourn.) L. Speedwell. 
1308. V. Anagallis-aquatica L. Water Speedwell. Frequent north-
east. 
1309. V. americarUJ Schwein. Rare; Lee Co. (A. S. Hitchcock). 
1310. V. catenata Pennell. Winneshiek, Hamilton and Story counties. 
1311. V. catenata glandulosa (Farwell) Pennell. Infrequent in the 
central part. 
1312. V. scutellata L. Rare; Buchanan Co. (Ex. Herb. C. E. Bessey}. 
1313. V. serpyllifolia L. Rare; Chickasaw Co. (W. D. Spiker). 
1314. V. peregrina L. A common weed. 
•1315. V. arvensis L. Frequent. (Europe). 
»>1316. V. persica Poir. ( V. T{)urnefortii C. C. Gmelin) Rare; Chicka-
saw Co. (Europe). 
Veronicastrum Moench. 
1317. V. virgfriicwn (L.) Pennell. (Veronica L.) Culver's Root. 
Very common ; prairies and open woods. 
Synthyris Benth. 
1318. S. Bullii (Eaton) Heller. (Besseya Rydb.) Infrequent; north- . 
ern and eastern. 
Agalinis Raf. 
1319. A. aspera (Michx.) Britton. (Gerardia aspera Dougl.) Com-
mon on upland prairies. 
1320. A. purpurea (L.) Britton. (Gerardia L.) Frequent on low 
prairies. 
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1321. .A.. Gattingeri (Small) Pennell. ( Gerardia Small) Rare ; 
Decatur Co. (J. P. Anderson). 
1322. A. Besseyana Britton. ( G. tenuifolia rruu;rophylki Ben th.) 
Frequent. 
1323. A. tenuifolia parviflora (Nutt.) Pennell. Our commonest nar-
row-leaved form. 
Otophylla Benth. 
1324. 0 . auriculata (Michx.) Small. (Tommnthera Pennell; Gerar-
dia Michx.) Frequent in low ground. 
Aureolaria Raf. 
1325. A. grandiflora pulchra Pennell. ( Gerardia grandiflora Ben th.) 
Frequent in the eastern counties. 
Dasystoma Raf. Foxglove. 
1326. D. m,acrophylki (Nutt.) Raf. (Seymeria Nutt. ; Afzelia Kuntze; 
Gerardia Ben th.) Western Foxglove ; infrequent. 
Castilleja Mutis. Painted Cup. 
1327. C. coccinea (L.) Spreng. Frequent in open woods. 
1328. C. sessiliflora Pursh. Frequent on dry hillsides, especially 
northward. 
Pedicularis (To urn.) L. Lousewort. 
1329. P. canadensis L. Common on low prairies, and in open woods. 
1330. P. kinceolata Michx. Frequent in wet ground. 
,.. 
255. BIGNONIACEA.E (Bignoni.a Fami7,y) 
Tecoma Juss. 
1331. T~ radicams (L.) Juss. Trumpet Flower. Infrequent as a native 
in the southern part, but common in cultivation. 
257. MA.RTYNIA.CEA.E (Martyni.a Family) 
Martynia L. 
1332. M. louisiana Mill. (M. proboscidea Gloxin.) Unicorn plant. 
Infrequent in the southern part; also occasional in cultivation. 
258. OROBA.NCHA.CEA.E (Broom-rape Fami"/Jy) 
Orobanche (Tourn.) L. Broom-rape. 
1333. 0. uniflora L. (Aphyllon Gray; Thalesi.a Britton) Infrequent 
on low prairies. 
1334. 0. fasciculata Nutt. (Aphyllon Gray; Thalesi.a Britton) Rare; 
Dickinson Co. (A. S. Hitchcock) . 
. 261. LENTIBULA.RIACEA.E (Bladderwort Family) 
Utricularia· L. Bladderwort. · 
1335. U. macrorrhiza Le Conte (U. vulgaris americana Gray) Com-
mon in shallow, grassy ponds. 
1336. U. minor L. Very rare; Emmet Co. (R. I. Cratty). 
1337. U. intermedi.a Hayne. Infrequent in northern marshes. 
263. A.CA.NTHA.CEA.E ( Acanthrus Family) 
Ruellia (Plumier) L. 
1338. R. ciliosa Pursh. Infrequent in dry soil. 
. 1339. R. strepens L. Infrequent in dry woods. 
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Dianthera (Gronov.) L. 
1340. D. americana L. Water Willow. Rare; growing in water. Lee 
Co. (Jess L. Fults). 
265. PHRYMACEAE (Lop-seed Family) 
Phryma L. 
1341. P. Leptostachya L. Lop-seed. Very common in woods. 
266. PLANTAGINACEAE (PZantain FamilJI) 
Plantago (Tourn.) L. Plantain. 
•1342. P. major L. Very common. Native in the far north and in 
Eurasia. 
1343. P. Rugelii Deen. Common. 
•1344. P. eriopoda Torr. Rare; adventive on R.R. right-of-way, Story 
Co. (J. P. Anderson) (Western Plains). 
•1345. P. lancwlata L. Buckhorn, Rib-grass. A common noxious 
weed in lawns and pastures. (Europe). 
1346. P. Purshii R. & S. Frequent in dry, sandy soil. 
1347. P. aristata Michx. Bracted Plantain. Frequent in dry ground. 
1348. P. virginica L. Infrequent. 
267. RUBIACEAE (Madde,r FamiilAJ) 
Galium L. Bedstraw. 
1349. G. Aparine L. Very common; woods and thickets. 
•1350. G. Verum L. Yellow Bedstraw. Infrequent; Cass Co. (Europe). 
1351. G. circaezans Michx. Frequent. 
1352. G. boreale L. Northern Bedstraw. Common; open prairies and 
near water. 
1353. G. trifidum L. ( G. trifidum · pusillum Gray) Frequent; bogs 
and mossy woods. 
1354. G. Claytuni Michx. Frequent in low ground, often in grassy 
places. 
1355. G. tinctorium L. (G. trifidum latifolium Torr.) Common. 
1356. G. conciwnum T. & G. Common in rich woods. 
1357. G. asprellum Michx. Infrequent. 
1358. G. trifiorum Michx. Sweet-scented Bedstraw. Frequent in rich 
woods. 
Diodia (Gronov.) L. 
•1359. D. teres Walt. Button-weed. Adventive on the I. S. C. Campus, 
Story Co. (C. C. Lounsberry) (Southern U. S.). 
Cephalanthus L. 
1360. C. occidentalis L. Button-bush. Infrequent; usually near 
streams. 
Houstonia L. Bluets, Innocence. 
1361. H. minima Beck. Rare; Johnson and Buchanan counties. 
1362. H. angustif olia Michx. Infrequent in sterile soil. 
268. CAPRIFOLIACEAE (HQneyS'UCkle Fami7;y) 
Diervilla (Tourn.) L. 
1363. D. Lonicera Mill. (D. trifida Moench). Bush Honeysuckle. 
Frequent. 
Lonicera L. Honeysuckle. 
•1364. L. tatarica L. (Xywsteon Medic.) Tartarian Honeysuckle. 
Very common in cultivation and an occasional escape. (Asia). 
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•1365. L. sempervire-ns L. Rare as au escape. Chickasaw Co. (s.e. 
U.S.). 
1366. L. prolifera (Kirchner) Rehder. (L. Sullivantii Gray) Fre-
quent in the northeastern section. 
1367. L. dioica L. (L. glauca Hill.) A common, bushy species in 
open woods. 
1368. L. glaucescens Rydb. Frequent. A segregate from the pre-
ceding. 
Symphoricarpos (Dill.) Ludwig. 
1369. S. oi·biwlatus Moench. Coral-berry. Frequent as a native; 
also cultivated. 
1370. S. occidentalis Hook. Wolf-berry, Buck-brush. Common; open 
woods and prairies. 
•1371. S. racemosus laevigatus Fernald. The Snow-berry of the gar-
dens. Rare as an escape. (n.e. U. S.). 
Linnaea (Gronov.) L. Twin-flower. 
1372. L. borealis anie1·icama (Forbes) Rehder. Rare in mossy woods. 
Northeastern section. 
Triosteum L. Horse Gentian. 
1373. T. perfoliatum L. Common; open woods and banks of streams. 
1374. T. aurantiacum Bicknell. Frequent. Mature fruit bright 
orange-red. 
Viburnum (Tourn.) L. Arrow-wood. 
1375. V. trilobum Marsh. (V. Opult/,S americanum Ait.) Infrequent 
in the northeastern part. 
1376. V. affine Bl)sh. (V. pubescens of Authors in part) Frequent, 
especially northward. 
1377. V. affine hypQmalacum Blake. Infrequent. 
1378. V. molle Michx. Rare; Oakland Mills, Pottawattamie Co. (L. 
H. Pamrnel). 
1379. V. dentatum L. Rare; Decatur Co. (J.P. Anderson; Lee Co., 
Jess L. Fults). 
1380. V. Lentago L. Black Haw. A common species in open woods; 
the fruit edible. 
1381. V. prunifolium L. Infrequent on wooded ledges. Lee Co. 
(Cratty and Fults) . 
269. ADOXACEAE (M.oschatel Family) 
Adoxa L. 
1382. A. Moschatellina L. Moschatel. Rare; Winneshiek, Fremont 
and Floyd counties; about its southern limit in the U. S.; also 
. in northern Eurasia. 
270. VALERIANACEAE (Valerian Family) 
Valeriana (Tourn.) L. 
1383. V. editlis Nutt. Valerian. Infrequent; the root sometimes 
cooked for food. 
272. CUCURBITACEAE (G<>Urd Family) 
Sicyos L. 
1384. S. angii.laft/,S L. One-seeded Bur-cucumber. Infrequent; most-
ly in the northeastern section. 
) 
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Micrampelis Raf. 
1385. M. lobata (T. & G.) Greene. (Echinocystis T. & G.) Willd. 
Balsam Apple, Cucumber-vine. Common in or near timber, 
climbing over bushes. 
273. CAMPANULACEAE (Bluebell Family) 
Specularia (Heist.) Fabricius. 
1386. S. perfoliata L. Venus's Looking-glass. Frequent in woods. 
Campanula (Tourn.) L. Bellflower. 
1387. C. americana L. (Campwnulastrum Rydb.) Common in open 
woods. 
1388. 0. rotundifolia L. Harebell. Common and variable. 
1389. C. aparinoides Pursh. Marsh Harebell. Frequent in marshes. 
1390. C. uliginosa Rydb. Infrequent in wet soil, banks of streams. 
Lobelia (Plumier) L. Lobelia. 
1391. L. cardinalis L. Cardinal Flower. Frequent in open woods. 
1392. L. siphilitica L. Great Lobelia. Common in low grourid. 
1393. L. spicata Lam. Common and extremely variable. 
1394. L. Kalmii L. Rare in the northern part. 
1395. L. inflata L. Indian Tobacco. A common woodland species. 
277. COMPOSITACEAE (Cornposite Family) 
Vernonia Schreb. Ironweed. 
1396. V. fasciculata Michx. Very common in low ground. 
1397. V. altissima Nutt. (V. maxima Small) Infrequent; Lee Co. 
(Jess L. Fults). 
1398. V. missourica Raf. Infrequent. 
1399. V. interior Small. (V. Baldwinii of Gray's Man. in part) Fre-
quent in the southeast. 
Eupatorium (Tourn.) r_,, Thoroughwort. 
1400. E. H<Jlzingeri Rydb. Infrequent; Webster and Fayette counties. 
1401. E. falcatum Michx. Infrequent in the central part. 
1402. E. maculatum L. Common. 
1403. E. purpureum L. Common. 
1404. E. Brimeri Gray. Rare. 
1405. E. perfoliatitrn L. Boneset. Common in low ground. 
1406. E. altissimum L. Frequent. 
1407. E. serotinum Michx. Infrequent; resembles the next. 
1408. E. urticaefolium Reichard. White Snakeroot. Very common 
in woods. Said to be poisonous to stock. 
Xuhnia L. 
1409. K. eupatorioides L. (K. glutinosa Ell.) Common in dry ground. 
Liatris Schreb. Button Snakeroot, Blazing Star. 
1410. L. squarrosa Willd. (Laciniaria Hill). Infrequent. 
1411. L. cylindracea Michx. (Laciniaria Kuntze). Infrequent in dry 
ground. 
1412. L. punctata Hook. (Lacinia1·ia Kuntze). Frequent on morainic 
hills, especially northward. 
1413. L. scariosa Willd. (Laciniaria Hill). Common and variable. 
The var. racemulosa Sheldon is an ecological form with the heads 
long-peduncled. 
1414. L. pycnostachya Michx. (Lacinaria Kuntze). Very common. 
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Grindelia Willd. 
1415. G. squarrosa (Pursh.) Dunal. Gum-plant. Becoming common 
as a weed. 
Chrysopsis Nutt. Golden Aster. 
1416. C . . angustifolia Rydb. Rare in very dry ground. Lyon Co. 
(L. H. Pammel). 
1417. C. villosa Nutt. Rare; Clinton Co. (L. H. Pammel). 
Solidago L. Golden-rod. 
1418. S. latifolia L. Frequent in or near timber. 
1419. S. hispida Muhl. (S. bicolor concolor 'r. & G.) Rare. 
1420. S. speciosa Nutt. Infrequent in open woods. 
1421. S. speciosa, angustata T. & G. (S. rigidiuscula Porter). Fre-
quent in dry ground. 
1422. S. ulmifolia Muhl. Frequent in open woods. 
1423. S. glaberrima Mart. (S. missouriensis of Gray's Manual, not 
Nutt.) Our commonest early-flowering species; late :flowering 
and variable forms are occasionally seen. 
1424. S. nernoralis Ait. Very common and variable. Large-flowered 
forms approach S. p1tlcherri1na Aven Nelson. 
1425. S. longipetiolata Mackenzie. Infrequent. A recent segregate 
from the preceding. 
1426. S. cmuulensis L. Very common and variable. 
1427. S. serotina Ait. Very common in low ground. 
Oligoneuron Small. 
1428. 0. rigidum (L.) Small. (Solidago L.) Very common in dry 
ground. 
1429. 0. Riddellii (Frank) Small. (Solidago Frank) Infrequent 
• on low prairies. 
Euthamia Nutt. 
1430. E. graminifolia (L.) Nutt. (Solidago Salish.) Common on low 
prairies. 
Sideranthus Nutt. Iron Plant. 
1431. S. spinulosus (Pursh) Sweet. (Aplopappus DC.; Eriocarpum 
Greene) Frequent in the western part. 
Boltonia L 'Her. 
1432. B. asteroides (L.) L'Her. Common on low prairies or in swampy 
ground. Occasional in cultivation. 
Brachyactis IJedeb. 
14l33. B. angnsta (Lindl.) Britton. (Aster T. & G.) Rare in low 
ground. Emmet Co. (R. I. Cratty) . 
. Aster (Tourn.) L. Aster. 
1434. A. oblongifolius Nutt. Frequent. 
1435. A. novae-angliae L. New England Aster. A common and hand-
some species. 
1436. A. sericeus Vent. Silky-leaved Aster. Common in dry ground. 
1437. A .. azureus Lindl. Frequent; a handsome species. 
1438. A. Shnrtii Lindl. Infrequent in the southern part. 
1439. A. cordifolius L. Frequent in woods. · 
1440. A. Finkii Rydb. Rare ; type No. 83,629 I.S.C. Herb. Fayette 
Co. (Bruce Fink). 
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1441. A. sagittifolius Wedemeyer. Very common in open woods. 
1442. A. Driimmondii Lindl. Frequent in open woods. This and the 
three preceding form an extremely variable group. 
1443. A. laevis L. Smooth Aster. Common. 
1444. A . c.oncirvnus Willd. Rare; Emmet Co. (F. W. Paige, R. I. 
Cratty). 
1445. A. ericoides L. Most frequent in the southeastern part. 
1446. A . multiflorus Ait. Common on dry prairies and roadsides. 
1447. A. multijiorus exiguus Fernald. (A. exiguus Rydb.) Frequent. 
Heads single or slightly clustered on drooping pedicels. 
144!8. A . laterifiorv..s (L.) Britton. (A. diffusiis . Ait.) Common; 
thickets and open woods ; extremely variable. 
1449. A. Tradesc.anti L. Frequent. 
1450. A. paniculatns Lam. Frequent in low ground. 
1451. A. salicifolius Ait. Frequent on low prairies. 
1452. A. junceus Ait. Rare in bogs. Emmet Co. (B. 0. Wolden) 
1453. A. nebraslcensis Britton. Rare in boggy places. Emmet and 
Marshall counties; resembles A. puniceiis. 
1454. A. W oldeni Rydb. Rare in dry ground. Ellsworth Tp. Emmet -
Co. (B. 0. Wolden). Co-type in I.S.C. Herb. No. 116,905. 
The type in the herbarium of the New York Botanic Garden. 
1455. A. prenanthoides Muhl. Frequent in or near timber; the stem 
with pubescent lines. 
1456. A. puniceus L. Frequent; a beautiful species. 
1457. A. ptarmicoides T. & G. (Doellingeria Nees.) Infrequent in dry 
soil. 
1458. A. iimbellatus Mill. (Diplopapf>us Hook.; Doellingeria Nees.) 
Infrequent in wet soil. 
Ionactis Greene. 
1459. I. linariifolia (L.) Greene. (Aste?· lina1·iifoliiis (L.) A beautiful 
aster-like plant, rare in dry ground. Grand Mound, Clinton Co. 
(Fred Weiss). 
Erigeron L. Fleabane. 
1460. E. philadelphicus L. Common. 
1461. E. anniitis (L.) Pers. Daisy Fleabane. 
1462. E. rarnosus (Walt.) BSP. Common. 
Leptilon Raf. 
1463. L. canadensis (L.) Britton. (Erigeron L.) Horseweed. Com-
mon in cultivated ground and waste places. 
1464. L. divaricatmn (Michx.) Raf. (Erigeron ~fichx.) Frequent, 
especially in pastures. · · 
Antennaria Gaertn. Lady's Tobacco, Pussy's Toes. 
1465. A. Parlinii Fernald. Rare; Hardin Co. (L. H. Pammel). 
1466. A. plantaginifolia (L.) Richards. Common in open woods. 
1467. A. neglecta Greene. Our commonest species; prairies and woods. 
Anaphalis DC. 
1468. A. rn.argaritacea (L.) B. & H. Pearly Everlasting. Frequent 
in dry soil. 
Gnaphalium L. 
1469. G. obtusifoliv..m L. ( G. polycephalum Michx.) Cudweed. Com-
mon. The ulant has a fragrant odor. 
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1470. G. p'Urpureum L. Purplish Cudweed. Rare in dry soil; Lee 
Co. (Jess L. Fults). 
Inula L. 
•1471. I. Helenium L. Elecampane. Rare as an escape. (Europe) . 
Polymnia L. 
1472. P. canadensis L. Leaf-cup. Frequent. 
Silphium L. 
1473. S. laciniiatum L. Rosin-weed, Compass Plant. Common. 
1474. S. integrifolimn Michx. Frequent in the southeastern part. 
1475. S. perfoliiatum L. Indian Cup Plant. Common, especially in 
low, open woods. 
Parthenium L. 
1476. P. integrif oliwrn L. Frequent. 
Iva L. ~ 
1477. I. xanthifoliia Nutt. (Cyclachaend Fresen.) Cattle-weed. Fre-
quent in rich soil and waste places; perhaps an immigrant from 
the northwest. 
Ambrosia (To urn.) L. Ragweed. 
, 1478. A. trifid,a L. Great Rag-weed, King's-head. Very common; 
fields and roadsides. 
1479. A. elatior L. (A. artemisiifolia L.) Small Ragweed. Very 
common ; roadsides and pastures. 
1480. A. media Rydb. Rare; Monona Co. (L. H. Pammel). 
1481. A. coronopifolia. T. & G. (A. psilostachya Gray, not DC.) A 
perennial species with a running rootstock. Frequent ; prairies 
and open woods. 
Xanthium (T()urn.) L. Cocklebur. 
1482. X. americanum Walt. (X. oanadense Mill.) Infrequent. 
1483. X. glanduliferiim Greene. Rare; Emmet Co. (B. 0. Wolden). 
1484. X. commune Britton. Frequent. 
1485. X. echinatum Murr. Our commonest species. 
•1486. X. spinosum L. Rare; R.R. right-of-way. Story Co. (E. S. 
Smith) (Tropical America). 
Heliopsis Pers. Ox-eye. 
1487. H. helianthoides (L.) Sweet. Infrequent in the eastern part. 
1488. H. scabra Dunal. Very common. 
Eclipta L. 
1489. E. alba (L.) Hassk. Infrequent jn the southern part; perhaps 
introduced in Iowa. 
Rudbeckia L. Cone-flower. 
1490. R. triloba L. Common in woods. 
1491. R. sitbtomentosa Pursh. Infrequent. 
1492. R. hirta L. Black-eyed Susan. Very common. 
1493. R. laciniiata L. Common in woods; the original of the Golden-
glow, a cultivated form. 
Echinacea Moench. (Braooeria Neck.) Purple Cone-flower. 
1494. E. purpur.ea (L.) Moench. (Brauneria Britton). Rare; Appa-
noose Co. (T. J. Fitzpatrick). 
1495. E. angustif-0lia DC. (Brauneria Heller) Frequent. 
1496. E. pallid,a (Nutt.) Britton. Common. 
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Ratibida Raf. 
1497. R. pinnata (Vent.) Barnhart. (Lepachys T. & G.) Very com-
mon. 
1498. R. colurnniferia (Nutt.) Wooton & Standley. (R. wlurnnaris 
D. Don; Lepachys T. & G.) Infrequent near our western border. 
Belianthus L. Sunllower. 
•1499. H. annuus L. Common in cultivation and as an escape. (West-
ern Plains) . 
•1500. H. petiolaris Nutt. Prairie Sunflower. Infrequent in waste 
places; a native of the western plains. 
1501. H. scaberrirnus Ell. (H. rigidus Desf.) Very common. 
1502. H. occidentalis Riddell. Infrequent. 
1503. H. gt·osseserratus Martens. Common, and a bad weed in cul-
tivated fields. 
1504. H. laetifiorus Pers. Infrequent, central and eastern. 
1505. H. Maxirniliani Schrad. Common in the northwestern part. 
1506. H. divaricatus L. Infrequent. 
1507. H. leptocaulis (S. Wats.) Blake. Rare; Des Moines Co., Sept. 
1930. (L. I-I. Pammel). Determined by Miss M. Rae Johns. 
1508. H. strurnosus L. Common especially in or near timber; a vari-
able species. 
1509. H. titbet'.osus L. Wild Artichoke. A common tuberous rooted 
species, often cultivated under the meaningless name of Jeru-
salem Artichoke. 
1510. H. tuberosus suboonescens Gray. Infrequent. Our wild sun-
flowers form a difficult group from a taxonomic standpoint, and 
much thorough field work is needed. 
Actinomeris Nutt. 
1511. A. alternifolia (L.) DC. Frequent in open woods. 
Coreopsis L. 
•1512. C. tinctoria Nutt. A common garden annual, and frequently 
escaped; native farther west. 
1513. C. palmata Nutt. Very common. 
1514. C. tripteris L. Tall Coreopsis. Frequent in or near woods. 
Bidens L. Bur Marigold. 
1515. B. frondosa L. Common Stick-tight; a disagreeable weed. 
1516. B. vitlgata Greene. Common and resembling the preceding, but 
having larger heads, the mature akenes, brown. 
•1517. B. bipinnata L. Spanish Needles. Rare; Lee Co. Probably 
introduced from farther east. (Jess L. Fults). 
1518. B. connata Muhl. Common in swampy places. 
1519. B. cornosa (Gray) Wiegand~Jnfrequent in low places. .L.-
1520. B. cernua L. (B. filarnent<Na Rydb. and B. gracilenta Greene; 
the latter a depauperate form caused by very dry weather). 
Common in swamps, the heads nodding. 
1521. B. trichosperma (Michx.) Britton. Rare in the northeast. 
1522. B. aristosa (Michx.) Britton. Infrequent. 
1523. B. involucrata (Nutt.) Britton. Common in the southern part 
and spreading northward ; a handsome species. 
1524. B. Beckii Torr. (Megalodnnta Greene) Water Marigold. Rare 
in shallow water near Lakeside Laboratory, West Okoboji Lake, 
Dickinson Co. (R. B. Wylie) 
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Madia Molina. 
•1525. M. glomerata Hook. Rare; introduced from the western plains. 
Mahaska Co. (L. H. Pammel) Emmet Co. (B. 0. Wolden). 
Galinsoga Ruiz & Pavon. 
•1526. G. parvifiora hispida DC. Becoming frequent in waste places. 
(Tropical Am.) 
Helenium L. 
1527. H. autumn.ale L. Sneeze-weed. Common. Includes several 
recent segregates. 
Dyssodia Cav. 
1528. D. papposa (Vent;) Hitch. Frequent in sterile ground, in or 
near timber. 
Achillea (Vaill.) L. Yarrow, Milfoil. 
•1529. A.. Millefolium L. Frequent. (Europe). 
1530. A.. lanulosa Nutt. Woolly Yarrow. Common; perhaps intre>-
duced from farther west. 
Anthemis (Mich.) L. 
•1531. A.. Cotula L. May Weed, Dog Fennel. Very common near 
dwellings. (Europe). 
•1532. A.. tinctoria L. Yellow Chamomile. A rare escape, Clayton 
Co. (.Europe). 
Matricaria (Tourn.) L. 
•1533, M. suaveolens (Pursh) Buchenau. Pine-apple Weed, the bruised 
foliage having a strong pineapple odor. A~ infrequent door-
yard weed. (Pacific Coast States). 
Chrysanthemum (T-0urn.) L. Ox-eye Daisy. 
•1534. C. Leuoomthemum L. The typical form rare; Emmet Co. (B. 
0. Wolden) (Europe). 
•1535. C. Leucanthemum pinnatifidum l.Je Coq. & Lamotte. Common 
as a weed. (Europe) . 
Tanacetum L. 
•1536. T. vulgar.e L. Tansy. A frequent escape. (Europe). 
Artemisia L. Wormwood. 
1537. A.. caudata Michx. Common on dry knolls. 
1538. A.. cernua Nutt. Frequent. Prairies and open woods. 
1539. A.. serrata Nutt. Infrequent in or near timber. 
1540. A.. gnaphalodes Nutt. Very common. 
1541. A.. pabularis (Aven Nelson) Rydb. Rare in dry ground; 
Emmet Co. (B. 0. Wolden). 
1542. A.. Purshiatna Besser. Rare; Emmet Co. (B. 0. Wolden) 
1543. A.. biennis Willd. Biennial Wormwood. Common and weedy. 
•1544. A.. annua L. Sweet-scented Wormwood. A garden escape. 
(Europe). 
•1545. A. A.bsinthium L. Wormwood. Frequent as an escape. (Europe). 
•1546. A.. A.brotanum L. Southern-wood or Old Man. Rare as an 
escape. (Europe). 
Erechtites Raf. 
1547. E. hieracifolia (L.) Raf. Fireweed. Frequent. 
Cacalia L. 
1548. C. suaveolens L. ( Synosma Raf.) Infrequent in open woods. 
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1549. C. reniformis Muhl. (Mesadenia Raf.) Infrequent in damp, 
rich woods. 
1550. C. atriplicifolia L. (Mesadenia Raf.) Pale Indian Plantain. 
Infrequent in rich woods. 
1551. C. tuberosa Nutt. (Mesadenia Britton) Common on low prai-
ries. 
Senecio (Tourn.) L. 
1552. S. palustris (L.) Hook. Occasionally appears in marshy places 
in the northern part. 
1553. S. Balsamitae Muhl. (S. aureus var. T. & G.) Ragwort or 
Squaw-weed. Frequent northeast. 
1554. S. plattensis Nutt. Common Ragwort. Frequent on prairies. 
1555. S. integerrimus Nutt. Infrequent. 
Arctium L. Burdock. 
•1556. A. minus Bernh. Common. The larger headed species, A. Lappa 
L. Probably occurs in the state. (Europe). 
Echinops L. 
•1557. E. sphaerocephalns L. Globe Thistle. Cultivated, and rarely 
escaped. (Europe). 
Carduus (Tourn.) h Plumeless Thistle. 
•1558. C. n1ttans L. Musk Thistle. Infrequent. (Europe). 
•1559. C. acamthoides L. Infrequent in waste places. (Europe). 
Cirsium (To urn.) Hill. Thistle. 
•1560. C. lanceol,atum (L.) Hill. Bull Thistle. Common, especially 
in pastures. (Europe) . 
1561. C. Flodmanii (Rydb.) Arthur. (C. canescens Pammel not Nutt.) 
Woolly Thistle. Frequent. 
1562. C. discolor (Muhl.) Spreng. Field Thistle. Common. 
1563. C. altissimum (L.) Spreng. Frequent in the eastern part. 
1564. C. iowense (Pammel) Fernald. Common, especially on prairies. 
The var. Crattyi Pammel is only an ecological form with the 
leaves mostly entire. 
1565. C. muticum Michx. Infrequent in marshes. 
1566. C. megacephalum Gray. Rare in the northwestern part. 
1567. C. imdul,atum (Nutt.) Spreng. Rare in the northwestern sec-
tion. 
1568. C. Hillii (Canby) Fernald. Frequent in dry soil. 
•1569. C. arvense (L.) Scop. Canada Thistle. A common, unlawfm. 
weed. Forms with the early leaves entire also occur. (Europe) . 
Onopordum (Vaill.) L. 
•1570. 0. Acanthiitm L. Cotton or Scotch Thistle. Rare as an escape 
Fayette Co. (Europe). 
Centaurea L. Star Thistle. 
•1571. C. solstitialis L. Barnaby's Thistle. Becoming frequent as a 
weed. (Europe) . 
•1572. C. Jacea L. Infrequent. (Europe). 
•1573. C. Cyanus L. Bachelor's Button. A frequent escape from gar-
dens. (Europe). 
1574. C. diffusa Lam. A recent introduction, but thoroughly estab-
lished in Sioux Co. (A. L. Bakke). Native of S. E. Europe. 
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•1575. C. repens. r.,. Russian Knapweed. A deep-rooted perennial 
recently introduced in Sioux Co. (A. L. Bakke) It should be 
classed with our unlawful weeds. (Europe). 
•1576. C. maculosa Lam. Infrequent. (Europe). 
•1577_ C. 'nigrescens Willd. Rare; Calhoun Co. (W. R. Hartley) 
Adv. from Europe. 
Carthamus (Tourn.) L. 
•1578. C. tinctorius L. Safflower. Rare as an escape from cultivation; 
Sac Co. (Malcolm Rogers) (Europe). 
Cichorium (To urn.) L. 
•1579. C. Intybus L. Chicory. Frequent as an escape. (Europe). 
Krigia Schreb. 
1580. Ji. arnplexicaulis Nutt. (Adopogmi virginiwrn Kuntze, Cynthia 
virginica D. Don.) Dwarf Dandelion. Infrequent. 
Picris L. 
• 1581. P. echioides L. Ox-tongue. Rare; Clarke Co. (E. E. Agans) 
Introduced from Europe. 
Tragopogon (Tourn.) L. 
*1582. T. pratensis h Goat's Beard. Frequent along roadsides. 
(Europe). 
Taraxacum (Haller) Ludwig. 
*1583. T. erythrosperrnurn Andrz. Red-seedeQ. Dandelion. Frequent. 
(Europe). 
•1584. T . officinale Weber. One of our commonest weeds in lawns and 
waste places. (Europe) . 
Sonchus (Tourn.) L. Sow Thistle. 
*1585. S. arvensis L. Perennial Sow Thistle. Becoming frequent and 
like the following very difficult to eradicate. (Europe). 
*1586. S. uliginosus Bieb. A perennial species, generally confused with 
the preceding, and more common. (Europe). 
*1587. S. oleraceitS L. Common Sow Thistle, Annual or biennial; com-
mon in pastures and waste places. (Europe) . 
*1588. S. asper (L.) Hill. Spiny-leaved Sow Thistle; less common than 
the preceding. (Europe). 
Lactuca (To urn.) L. Lettuce. 
•1589. L. scariola L. Prickly Lettuce. Common in cultivated and 
waste ground. (Europe) . 
•1590. L. virosa L. ( L . Scariola integrata of Manuals). Common; 
only the lower leaves lobed. (Europe). 
1591. L. canadensis L. Common and variable. 
1592. L. sagittif olia Ell. Frequent; the sagittate leaves clasping at 
the base. 
1593. L. ludoviciana (Nutt.) DC. Frequent on prairies. Flowers 
usually purple with us. 
1594. L. pulchella (Pursh) DC. Frequent. 
1595. L. villos,a Jacq. Frequent in the eastern part. 
1596. L. spicata (Lam.) Hitch. Most frequent in the eastern part. 
Lygodesmia D. Don. 
1597. L. juncea (Pursh) D. Don. Frequent on morainic hills in the 
northwestern part. 
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Agoseris Raf. 
1598. A. cuspidata (Pursh) Steud. (Troximon Pursh; Nothocalais 
Greene) Frequent northwest on morainic hills. 
Orepis L. Hawk's Beard. 
•1599. C. capillaris (L.) Wallr. ·Rare in waste places; Poweshiek and 
Marshall counties. (Europe) . 
•1600. C. tectorum L. Rare; Marshall Co. (Harley Walker) Adv. 
from Europe. 
Nabalus Cass. Rattlesnake-root. 
1601. N. racemosus (Michx.) DC. (Prenanthes Michx.) Frequent ; 
banks of streams and on prairies. 
1602. N. asper (Michx.) T. & G. (Prmianthes Michx.) Frequent. 
1603. N. albus (L.) Hook. (Prenanthes L.) Common in rich woods. 
Hieracium (Tourn.) L. Hawkweed. 
•1604. H. fiorentinum All. King Devil. Rare; Butler Co. (L. Crow-
gey) ; a bad perennial weed. (Europe) . 
•1605. H. virosum Pall. Determined at the Gray Herbarium. Rare, 
and not before reported from America. Floyd Co.. (Dr. Ada 
Hayden) Howard Co. (Kathryn Shields). Introduced from 
s.e. Europe. 
1606. H. scabrum Michx. Infrequent. 
1607. H. longipilum Torr. Frequent in open woods and on prairies. 
1608. H. canadense Michx. Common, especially in open woods. 
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Raphanus, 210 Solidago, 241 Tribulus, 220 
Ratibida, 244 Sonchus, 247 TTicu.spis, 187 
Reseda, 212 Sophia, 210 Tridens, 187 
Rhamnus, 222 Sorbus, 213 Trifolium, 216 
Rhus, 221 Sorghastrum, 184 Triglochin, 183 
Rhynchospora, 192 Sorghum, 184 Trillium, 196 
Ribes, 212 Sparganium, 182 Triodia, 187 
Robinia, 217 Spartina, 18 7 Triosteum, 239 
Rorippa, 211 Specularia, 240 Triplasis, 187 
Rosa, 215 Sphaeralcea, 223 Tripsacum, 183 
Rotala, 225 Spenopholis, 188 Triticum, 190 
Rubus, 214 Spiraea, 213 Trorimon, 248 
Rudbeckia, 243 Spiranthes, 198 T1irritis, 212 
Ruellia, 237 Spirodela, 194 Typha, 182 
Rumex, 202 Sporobolus, 186 
Stachys, 233 Ulmus, 201 Sabbatia, 229 Staphylea, 221 Unifolwm, 196 Sagittaria, 183 Steironema, 229 Urtica, 201 Salix, 198 Stellaria, 205 Urtioastr·wm, 202 Sa.Isola, 204 Stenophyllus, 191 Utricularia, 237 Salvia, 234 Stipa, 185 Uvularia, 196 Sanguinaria, 209 Strobus, 181 
Sanicula, 226 Sullivantia, 212 VaCCM'ia, 206 Baponaria, 206 Symphoricarpos, 239 
Savasta'M, 185 Symplocarpus, 194 Vaccinium, 22S 
Saxifraga, 212 Syndes'lnO'n, 207 Valeriana, 239 
Schedonnardus, 187 Synosma, 245 Vallisneria, 183 
Bcheuchzeria, 183 Synt11eri.sma, 184 Veratrum, 195 
Sohizachyrwm, 183 Synthyris, 236 Verbascum, 235 
Schmaltzia, 221 Verbena, 232 
Bchrankia, 216 Taenidia, 227 Vernonia, 240 
Scirpus, 191 Talinum, 205 Veronica, 236 
Scolochloa, 188 Tanacetum, 245 Veronieastrum, 236 
Bcrophularia, 235 T·araxaeum, 247 Viburnum, 239 
Bcutellaria, 233 Taxus, 181 Vieia, 218 
Secale, 190 Tecoma, 237 Viola, 224 
Sedum, 212 Tephrosia, 217 Vitis, 222 
Selaginella, 181 Teuerium, 232 
W ashi.ngtoni.a, 226 Seneeio, 246 Thalesia, 237 
Setaria, 185 Thalietrum, 207 Woltl'ia, 194 
Seymeri.a, 237 Thaspium, 227 Woodsia, 179 
Shepherdia, 225 Thlaspi, 209 
Sibbaldiopsis, 214 Thelypodi-um, 211 Xanthium, 243 
Sieyos, 239 Tiedemannia, 221 Xwnthozalis, 219 
Sida, 223 Tilia, 223 Xanthoxylum, 220 
Sideranthus, 241 Tiniaria, 203 Xylosteon, 238 
Sieversia, 214 Tithymalopsis, 220 
Silene, 206 Tithymal'US, 221 Yucca, 196 Silphium, 243 Tonumthera, 237 
Sisymbrium, 210 Torilis, 228 
Sisyrinehium, 197 Tovara, 2-03 Zannichellia, 182 
Sium, 227 Toxioodendron, 221 Zanthoxylum, 220 
Smilaeina, 196 Toxylon, 201 Zizania, 185 
Smilax, 196 Traoaulon, 203 Zizia, 227 
Bolanum, 234 Tradescantia, 195 Zygadenus, 195 
Solidago, 241 Tragopogon, 247 ZygophyllidW'111, 220 
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FORMING ENZYMES OF WHEAT1 
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Investigators in a study of amylases have indicated the occurrence of 
an amyloclastic enzyme with power to liquefy starch or to change starch 
to dextrins ; and of a saccharogenic enzyme with power to change starch 
or dextrins to sugar. It is of interest to compare the methods used by these 
investigators, and the results upon which they base the theory that amylase 
consists of two enzymes, an amyloclastic and a saccharogenic. Griitzner ( 4) 
reported that by heating salivary amylase to so·c., the saccharogenic 
activity is inhibited, and the amyloclastic power is retained. Bourquelot 
(1), also, used heat at 68°C. to destroy the saccharogenic diastase, while 
the liquefying power is not changed. Teichek ( 15) determined the ratio 
of amyloclastic to saccharogenic enzyme during various stages of malting 
and, since the ratio is not the same at these different periods of germination, 
he explained his observations as favoring the two-enzyme theory. 
Sherman and Schlesinger (14) studied the properties of amylase from 
several sources; with pancreatic amylase preparations, they determined 
that the ratio of amyloclastic to saccharogenic activity is 2 to 1. This same 
ratio of amyloclastic to saccharogenic activity is noted in the power of the 
active enzyme precipitates obtained in the various procedures of the purifi-
cation of pancreatic amylase. The authors consider that two enzymes with 
widely different properties would not pass through all the processes of 
purification and remain in the same quantitative ratio to each other. 
Chrzaszcz (3) stated that the liquefying activity is lacking in resting 
seeds, and is developed upon germination. The saccharogenic activity is 
present in normal quantity in both resting and germinated grains. Ling 
and Nanji (5) point to a similar conclusion in stating that the enzyme of 
unmalted barley hydrolyzes amylose and not amlyopectin; the enzyme which 
hydrolyzes amylopectin is developed on germination. 
Van Klinkenberg (16) prepared a solid a-~mylase of malt by pre-
cipitation with alcohol. This was redissolved and heated at 70°C. to de-
stroy any ~-amylase, then reprecipitated. ~-amylase was prepared by ex-
tracting ground barley, first with fifty per cent alcohol and subsequent 
filtration, and then extraction with eighty per cent alcohol. 
Ohlsson (8,9,10) supports the theory that amylase consists of a saccha-
rogenic and an amyloclastic enzyme. His experiments consist of a system-
atic study of the destruction of the enzyme by heat; at varying acidities, 
he studied the influence of temperatures ranging from 38° to so·c. upon 
each activity of the enzyme. This work indicates that the saccharogenic 
enzyme is more easily destroyed by heat than the amyloclastic. Ohlsson 
studied also the influence of hydrogen ion concentration upon each activity; 
1 From a thesis submitted to the Graduate Faculty of Iowa State College in partial 
fulfillment of the requirements for the degree of Doctor of Philosophy. 
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the results indicate that the amyloclastic enzyme is more readily affected 
by hydrogen ion concentration than the saccharogenic. From these data, 
Ohlsson suggests a method for the preparation of an amyloclastic extract 
with little saccharogenic power, and a method for the preparation of a 
saccharogenic extract with little amyloclastic power. 
Since the amylase of malt and of wheat are similar in many properties, 
it was thought that the methods suggested by Ohlsson might be used for 
the preparation of the amyloclastic and the saccharogenic enzymes of wheat. 
Working at temperatures near 0°C., Ohlsson brought the malt extract to 
a pH of 3.3 by the addition of hydrochloric acid, and then adjusted the 
solution to pH 6 by the addition of disodium hydrogen phosphate, and so 
obtained an extract in which a high percentage of the amyloclastic activity 
was destroyed. The saccharogenic activity of this extract compared favor-
ably with that of untreated extract. Thus, it should be possible to treat 
wheat extract in the same way, and from this extract, fractional precipita-
tion with alcohol should yield a solid enzyme preparation with power to 
digest starch to sugars, and with little amyloclastic activity. Ohlsson 
showed also, that the saccharogenic property of a malt extract can be al-
most entirely destroyed by heating for fifteen minutes at a temperature 
of 70°C., and that this treatment affects but slightly, the amyloclastic prop-
erty. Treating wheat extract in the same manner, it should be possible 
to prepare by fractional precipitation with alcohol a solid enzyme with 
power to digest starch to dextrins but with little sugar-forming power. 
The object of this investigation was to prepare and study two solid 
enzymes, one showing strong amyloclastic properties (and little saccharo-
genic) , and the other showing strong saccharogenic properties (and little 
amyloclastic). 
EXPERIMENTAL WORK 
1. Preparation of the amyloclastic enzyme. Germinated wheat 
(ground) was extracted with twice its weight of cold distilled water. The 
extract was heated at 70°C. for :fifteen minutes; during this time the solu-
tion was gently shaken. In the process of heating, a white precipitate 
appears. (This precipitate was found to have no enzyme activity.) At 
the end of the heating period, the extract was quickly cooled, and filtered. 
The material was placed in collodion sacs and dialyzed for 36 hours. The 
dialysate yielded active enzyme material by precipitation with absolute 
alcohol. The first precipitate was obtained when alcohol was added so that 
the dialysate was 35 per cent (the alcohol 65 per cent) of the final volume. 
A second precipitate was obtained by making the dialysate 15 per cent (the 
alcohol 85 per cent) of the final volume. The precipitates were dried in 
a vacuum over sulfuric acid. Each of these precipitates has an amyloclastic 
activity that compares favorably with the activity of the precipitates ob-
tained from untreated extracts. The saccharogenic activity of these pre-
cipitates was low (See table 1). 
2. Preparation of thl! saccharogenic enzyme. The wheat extract, pre-
pared as previously described and kept at 6° to 8°C., was brought to pH 
3.3 by the addition of dilute hydrochloric acid. The addition of the acid 
was regufated in such a way that the amount required was added during 
fifteen minutes. Immediately, the hydrogen ion concentration was ad-
justed to pH 6 by the addition of a saturated solution of disodium hydrogen 
phosphate. This treated extract was placed in collodion sacs and dialyzed 
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for 36 hours. Fractional precipitation with alcohol, as previously described, 
yielded active enzyme precipitates. 
All preparations described yielded enzyme precipitates with a saccharo-
genic power as high or higher than those obtained from untreated extracts. 
The amyloclastic power of these precipitates was comparatively low (See 
table 2). Some difficulty was experienced in obtaining preparations with 
consistent saccharogenic powers; consequently, the procedure described 
was modified by varying the rate of addition of acid and by treating the 
extract in an atmosphere of carbon dioxide and of nitrogen. 
3. The activity of the solid enzynie precipitates. (a) Methods for 
determination of the activity. By the expression, amyloclastic pow.er of 
an enzy?ne (14), is meant the number of milligrams of one per cent starch 
dispersion digested by one milligram of enzyme in one-half hour at 40°C.; 
the digestion occurs in the presence of optimum salt and hydrogen ion con-
centration. The two solutions necessary are: ( 1) an enzyme dispersion 
(in ice-cold distilled water) of known concentration, and (2) a one per cent 
starch (Lintner's) dispersion containing the required amounts of sodium 
hydroxide and phosphates for optimum activity (see sec. 4). The method 
for testing the amyloclastic activity is based on that of Wohlgemuth (17) 
and depends on determining the quantity of enzyme which changes all the 
starch in five cubic centimeters of the dispersion to compounds that do not 
give a blue color with iodine. The procedure for determining this is as 
follows: A certain (but varying) quantity of enzyme dispersion is measured 
into each of several test tubes; to each tube is added 5 cc. of the starch 
dispersion. The mixture is placed in the thermostat at 40°C. for one-half 
hour. At the end of this time, the tubes are removed, and one drop of a 
solution of iodine in potassium iodide is added to each tube. The digestion 
products are blue in color in the tubes in which there is an insufficient 
supply of enzyme to digest all the starch. Other tubes may be red to yellow 
in color because of the formation of dextrins. In the series, the end point 
tube contains that weight of enzyme that digests all the starch to products 
which give a red-violet color with iodine. The amyloclastic power of the 
enzyme, then, is determined by dividing the weight of the 5 cc. of one per 
cent starch dispersion (5,000 mg.) by the number of milligrams of enzyme 
present in the end-point tube. 
The saccharogenic power (14) is the number of milligrams of maltose 
formed by one milligram of enzyme acting upon starch at optimum salt 
and hydrogen ion concentration, in one-half hour digestion at 40°C. It 
is necessary to have, as previously stated, an enzyme dispersion, and a two 
per cent starch dispersion containing the required amounts of sodium hy-
droxide and phosphates for optimum activity (see sec. 4). In making this 
test, the enzyme is allowed to act upon 100 cc. of the two per cent starch 
dispersion for one-half hour at 40°C. At the end of this time, 50 cc. of 
mixed Fehling's solution are added to the digestion mixture, and the flask 
placed in a boiling water bath for :fifteen minutes. The cuprous oxide 
formed is a measure of the reducing sugar (maltose) present in the di-
gestion mixture. The number of milligrams of cuprous oxide is converted 
into milligrams of maltose by Defren's tables (Leach, Food Anal., p. 619). 
The saccharogenic power is obtained by dividing the milligrams of maltose 
by the milligrams of enzyme. 
(b) Discussion of results. Amyloclastic preparations were made 
simultaneously, from treated and untreated enzyme extracts. In table 1, 
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the amyloclastic and saccharogenic powers are given for four enzyme prep-
arations, as compared with an average standard (untreated extract) prep-
aration. The loss in amyloclastic and saccharogenic activity is based on 
a comparison of the powers of each preparation with that of the standard 
preparation from untreated extract. 














Percentage loss\ Percentage loss 
.&eeharogenic amyloelastic saecharogenic 
11 I 19 I 94 
14 42 93 
35 I 19 I 83 
31 33 I 85 
211 I I 
The results shown in table 1 indicate that the four preparations made 
from treated enzyme extract have an amyloclastic activity that compares 
favorably with that of an average untreated (standard) enzyme precipitate. 
The loss in amyloclastic activity varies, but is only a little over 20 per cent. 
These amyloclastic preparations have but little saccharogenic activity, as 
compared to that of the precipitate obtained from untreated extract. The 
loss in saccharogenic activity is 85 to 95 per cent. That is, from a treated 
wheat extract, a solid enzyme precipitate has been obtained which has a 
high amyloclastic power (compared to a standard) and a very low saccharo-
genic power. 
In the preparation of the saccharogenic enzyme, the extract was treat-
ed as previously described. Preparations were made simultaneously from 
treated and from untreated extracts. Table 2 shows the amyloclastic and 
saccharogenic powers obtained with eight preparations, as compared with 
an average standard enzyme precipitate obtained from untreated extract. 































Percentage loss I Percentage loss 
amyloclastic I saccharogenic 
95 I oo 97 46 
97 49 
95 I oo 
94 00 
96 I oo 
87 I oo 
87 I oo 
The results shown in table 2 indicate 1.hat nearly all of the preparations 
made from treated extract have a higher saccharogenic activity than the 
average preparation from untreated extract. These precipitates have little 
amyloclastic power, when compared to standard enzyme; the loss in amy-
loclastic activity is from 87 to 97 per cent. That is, from the treated wheat 
extract, a solid enzyme precipitate has been obtained which has a high 
saccharogenic power and very little amyloclastic activity. 
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4. Determinatiffn of the hydrogen ion concentration for optimum 
activity of wheat amylase. Preliminary experiments on the optimum hy-
drogen ion concentration for the saccharogenic activity of wheat amylase 
have been reported ( 7). Similar experiments to determine the optimum 
hydrogen ion concentration for amyloclastic activity have not been made 
for wheat amylase. Moreover, recent work by Sherman, Caldwell, and 
Adams (12) and Sherman, Caldwell, and Dale (13) indicate that hydrogen 
ion adjustments may be accurately made with a mixture of primary and 
secondary phosphates, keeping the phosphate concentration constant. This 
seemed a better method for the adjustment of hydrogen ion concentration 
than that used . in any previous work; therefore, this method was used in 
the experiments described. 
The experiments were planned so as to make a systematic series of 
determinations of amyloclastic and saccharogenic activity through the ad-
justment of hydrogen ion concentration with mono and disodium phos-
phates, until the optimum activity was exceeded and a distinct deleterious 
effect of the hydrogen ion concentration was observed. The hydrogen ion 
cencentrations were determined with a glass electrode of the Mac Innes 
type (6). 
The amyloclastic determinations for two sets of experiments are de-
scribed; in one set, the determinations are made in the presence of 0.02 
molar total phosphate, and in the other set, the determinations are made 
in the presence of 0.06 molar total phosphate. The starch dispersions were 
made by using a concentra.ted starch paste, to which was added sufficient 
, . 
TABLE 3. Opti-mum pH for amyloclastic actiuity of standard wheat amylase, 
0.02 M total phosphate 
Volume in cubic centimeters Amyloclastie 
NaH,PO, (0.2M) I Na.HPO, (0.2M) pH power 
10.00 0.00 I 3.71 12,000 9.80 0.20 4.10 . 21,000 
9.70 0.30 4.47 33,000 
9.68 0.32 4.60 33,000 
9.66 0.34 4.68 42,000 
9.64 0.36 4.78 42,000 
9.62 0.38 4.85 42,000 
9.60 0.40 4.89 42;000 
9.50 0.50 5.17 42,000 
9.40 0.60 5.35 42,000 
9.30 0.70 5.46 I 42,000 9.2{) 0.80 5.58 42,000 
9.10 0.90 5.67 I 42,000 
9.00 1.00 5.88 J 42,000 
8.00 2.00 6.24 42,000 
7.80 2.20 6.21 42,000 
7.6-0 2.40 6.26 42,000 
7.40 2.60 6.30 42,000 
7.20 2.80 6.34 33,000 
7.00 3.00 6.46 33,000 
6.00 4.00 6.60 33,000 
5.00 5.00 6.77 33,000 
4.-00 6.00 6.93 28,000 
3.00 7.00 7.06 28,000 
2.00 8.00 7.23 24,000 
1.00 9.00 7.46 19,000 
0.00 1.0.00 7.79 14,000 
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primary and secondary sodium phosphates to give a final concentration of 
0.02 or 0.06 molar total phosphate when this starch was diluted to one 
per cent. The total phosphate concentration was constant, but the relative 
amounts of the two phosphates were varied in order to obtain the desired 
hydrogen ion concentration. Tables 3 and 4 show the amyloclastic power 
obtained by the action of a standard wheat enzyme upon starch dispersions 
of a range of hydrogen ion concentrations from pH 3.71 to 7.79, and in 
the presence of 0.02 molar total phosphate (table 3) and of 0.06 molar 
total phosphate (table 4). 
The data included in tables 3 and 4 show that the hydrogen ion con-
centration for optimum amyloclastic activity of wheat amylase is at pH 
4.6 to 6.3. In this range of hydrogen ion concentration, no measurable 
differences in the amyloclastic activity could be detected in solutions con-
taining 0.02 and 0.06 molar total phosphate. This work determines ac-
curately the hydrogen ion concentration for optimum amyloclastic activity 
of wheat amylase, and indicates that phosphate has no activating effect 
upon the amylase in the concentrations used. This finding is consistent 
TABLE 4. Optim111m pH for amyloclastio actwi ty of standard whea.t amylase, 
0.06 M total phosphate 
Volume in cubic centimeters Amyloclastic 
NaH,PO, (0.2M) Na,HP0.1 (0.2M) pH power 
29.0 1.0 3.63 12,000 
28.5 1.5 4.02 17,000 
28.0 2.0 4.76 42,000 
27.0 3.0 5.40 42,000 
26.0 4.0 5.66 42,000 
23.0 7.0 6.07 42,000 
21.0 9.0 6.24 42,000 
19.0 11.0 6.39 33,000 











TABLE 5. Optimum pH for saooharogl?'n!io activity of standard wheat amylase, 
O.Ot M. toMl phosphate 
Volume in cubic centimeters 
II 
Saccha.rogenic 
~H,PO, (0.2M) I Na,HPO, (0.2M) pH Mg.Cu,O power 
I I 
10.0 0.0 3.64 163.2 I 221 
9.9 0.1 3.80 170.6 231 
9.8 0.2 3.99 171.3 232 
9.7 0.3 4.23 188.5 256 
9.6 0.4 4.71 207.7 282 
9.5 0.5 4.98 212.8 290 
9.4 0.6 5.21 216.8 295 
9.3 0.7 5.38 210.4 I 286 
9.2 0.8 5.42 206.6 
I 
281 
9.1 0.9 5.58 203.2 276 
9.0 
I 
1.0 5.64 203.1 276 
8.8 1.2 5.81 201.8 I 274 
8.6 1.4 5.92 200.5 I 272 8.4 1.6 6.06 197.0 268 
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with the results obtained on saccharogenic sets with pancreatic amylase 
(13). 
The hydrogen ion concentration for optimum saccharogenic activity 
was redetermined by the method just described, using 0.02 molar total 
phosphate. Two per cent starch dispersions, of varying hydrogen ion con-
centration and constant phosphate concentration, were prepared. Table 
5 shows the saccharogenic power obtained by the action of a standard wheat 
enzyme upon starch dispersions of a range of hydrogen ion concentrations 
from pH 3.64 to 6.06, and in the presence of 0.02 molar total phosphate. 
A critical study of these results indicates that there is a more decided 
optimum hydrogen ion concentration (pH 4.9 to 5.3) for saccharogenic 
activity of wheat amylase than had been previously determined. The re-
sults show also, that it is impossible to assume that the range of hydrogen 
ion concentration is the same for optimum amyloclastic and saccharogenic 
activity of amylase. The results here obtained indicate a broad optimum 
at pH 4.6 to 6.3 for amyloclastic activity, and a narrow optimum at pH 
4.9 to 5.3 for saccharogenic activity. 
SUMMARY 
1. An amyloclastic enzyme solution and a saccharogenic enzyme solution 
has been prepared from wheat extract by a method similar to that used 
by Ohlsson for malt extract. 
2. A solid amyloclastic enzyme with low sugar-forming power has been 
prepared by heating wheat extract for fifteen minutes at 70"C. and 
fractionally precipitating with alcohol. 
3. A solid saccharogenic enzyme has been prepared from wheat extract 
by bringing the hydrogen ion concentration to a pH of 3.3 and then 
adjusting it to a pH of 6.0, and finally precipitating with alcohol. The 
solid enzyme showed an unusually high sugar-forming power and low 
amyloclastic power. · 
4. The optimum hydrogen ion concentration for the amyloclastic activity 
of wheat amylase has been found to be at pH 4.6 to 6.3. The range 
of hydrogen ion concentration has been obtained by varying the relative 
amounts of sodium dihydrogen phosphate and disodium hydrogen phos-
phate, thus keeping the total phosphate concentration constant. The 
optimum hydrogen ion concentration for saccharogenic activity has 
been determined by the method just indicated and found to be at 
pH 4.9 to 5.3. 
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A study of the microscopic anatomy of the entire digestive tract of 
Gallus dmnesticus at different ages has never been undertaken. The· author 
has never seen a related work illustrated with phoromicrographs. These 
features added to the large compilation of literature included herein should 
make this a valuable source of reference t;o the anatomist. It should be 
of added value to the English speaking anatomist since previous to this 
time the more complete works were written in the German language. 
This study was also considered with the idea that it would help solve 
a problem which has long confronted the pathologist. Since he is concerned 
with the effects of disease on organs, it is hoped that this paper will give 
him a standard for comparison. 
REVIEW OF LITERATURE 
Literature concerning the microscopic anatomy of the digestive tract 
of the bird is quite voluminous, but with one exception [Zietschinann, 
(1911)] no author includes the entire tract with all its appendages and 
he has not limited his description to Gallus domesticus alone. In many 
cases the work covered chiefly gross anatomy with an occasional reference 
to the microscopic structure. Authors dealing with the gross anatomy 
alone included Huxley (1878), Wiedersheim (1907), Kingsley (1917), 
Johnston (1920), Kaupp (1921), Latimer and Osborn (1923), and Ellen-
berger and Baum (1926). Baum (1930) has made quite a complete study 
of the lymph system of the digestive tract of the chicken. 
MOUTH 
Boetticher (1928), Bradley (1915), Chauveau (1905), Grossman 
(1927), Kaupp (1918), Krause (1922), Owen (1866), Wiedersheim and 
Parker (1897), Schauder (1923), and Zietschmann (1911), spoke of the 
''horny'' beak of the bird. Boetticher gave the time of beginning cornifi-
cation as the sixteenth day of incubation. Krause alone gave a complete 
histological description of the beak. He divided it into four layers: bone, 
subcutis, cu tis and epidermis. According to Owen ''the beak consists of 
an upper mandible supported by the maxillary and premaxillary bones, 
and of a lower mandible formed by the lower jaw.'' Schauder, Biitschli 
( 1924), and Rosenstadt ( 1912) described the "Eizahn," a protuberance 
found on the upper beak of newly hatched chicks. 
All recent authors are agreed that birds lack teeth. Blanchard (1860) 
described vestigial teeth in certain birds (parrots). Marsh (1881-82) 
stated that no true teeth had yet been found, and Ihde (1912) that further 
research along that line would be fruitless. 
1 A thesis submitted to the Graduate Faculty of Iowa State Oollege in partial fulfill-
ment of requirements for the Degree Master of Science. 
2 Original thesis submitted July, 1931. 
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Marschall (1895), Shufeldt (1890), and Owen (1866) described the 
tongue muscles. Hollis ( 1901) gave particular attention to the skeleton of 
the tongue as associated with its function. Zietschmann (1911), and Brad-
ley (1915) described the relation of the shape of the tongue to the confor-
mation of the mouth roof. Owen (1866), Wiedersheim and Parker (1897), 
and Ward and Gallagher ( 1927) spoke of it as a prehensile organ. Biitschli 
(1924), Grossman (1927), Wiedersheim and Parker, Otte (1928), and 
Schauder ( 1923) described the tongue as pointed, especially horny at the 
apical end, and poor in muscle. Kaupp stated that the body of the tongue 
was made up of muscle and connective tissue. Schauder said the tongue 
corresponded to the form of the beak while Marschall found that "the 
tongue of the chicken does not correspond to the form of the beak but has 
approximately the form of a shoe sole and is soft.'' Kalli us ( 1905) dealt 
with the embryology of the tongue of the sparrow. 
According to Bradley (1915), Grossman (1927), Heidrich (1905), 
Kaupp (1918), Otte (1928), and Ward and Gallagher (1927), the roof of 
the mouth is the hard palate. Marshall (1895) on the contrary, stated that 
all birds lack a palate; Ward and Gallagher, and Heidrich that a soft 
palate was absent. Heidrich gave a detailed histological description of the 
different layers in the wall of the mouth. 
PHARYNX 
All authors agreed that there was no exact line of demarcation between 
the mouth cavity and the pharynx. Killian (1888) stated that "birds have 
no naso-pharyngeal cavity." Grossman (1927) set aside the transverse 
row of papillae on the root of the tongue as a "convenient" mark for 
separating the two cavities while Heidrich ( 1905) designated a row of 
papillae in the palate for the same purpose. Heidrich ( 1905), and Zietsch-
mann (1911) stated that the mouth-pharyngeal cavity is covered by a 
''cutaneous mucous membrane.'' The latter added that a stratum corneum 
was found only on the roof of the mouth and on the caudal part of the 
dorsum of the tongue. Bradley ( 1915) mentioned a stratified epithelium 
lining the whole of the mouth and pharynx. Zietschrnann did not find any 
muscularis mucosae in the mouth-pharyngeal cavity while Heidrich de-
scribed it as beginning in the pharynx. Gadow (1891b) said that the 
pharynx was thin walled and Heidrich that it had no muscle while Thomson 
(1923) designed the pharynx as a muscular region at the back of the 
mouth. Otte ( 1928) stated that instead of a soft palate a strong mus-
culature was present. According to Schauder (1923) there were no volun-
tary muscles in the mouth except in the tongue. 
It is the common belief that the sense of taste is not enjoyed by the 
chicken but taste cells were found on the tongue and hard palate by Schau-
der (1923), in the beak and tongue by Krause (1922), and in the mucous 
membrane between the sides of the lower beak by Otte (1928). Botezat 
(1906) found that chickens have a sense of taste resembling that of mam-
mals. He found taste organs in the throat region. 
Heidrich (1905) and Zietschmann (1911) described macroscopic pa-
pillae which have a matrix belonging to the tunica propria. Zietschmann 
stated that in the anterior part of the roof of the mouth there was little 
lymphoid tissue but that it increased posteriorly until the maximum was 
reached in the region of the opening of the Eustachian tubes. Killian 
(1888) has designated a certain area of adenoid tissue as "throat tonsil" 
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especially in the region of the openings of the Eustachian tubes between 
the epithelium and the throat glands. 
SALIVARY GLANDS 
All authors who discussed the mouth parts at all mentioned salivary 
glands. Heidrich ( 1905), Holting ( 1912), and Zeitschmam1 ( 1911) wrote 
the most complete works on the subject. The first two agreed with two 
exceptions. Heidrich found basket cells while Holting did not and Heidrich 
perceived some change in the gland according to the physiologic state while 
Holting failed to do so. Zietschmann differed from Heidrich on three 
points. Heidrich gave fifty as the number of openings of the lateral palatine 
glands and ten to fifteen openings for the anterior submaxillary gland, 
while Zietschmann gave "approximately one hundred" for the former, and 
forty for the latter. Heidrich found muscle fibers in the gland capsule 
and Zietschmann did not. Bradley ( 1915), in his work referred to Heidrich. 
Kovacs ( 1928) found the salivary glands to be uniformly constructed, in 
contrast to Heidrich, who described three different forms. Chauveau ( 1905), 
Marschall ( 1895), and Owen ( 1866) described them as being little de-
veloped. Other authors mentioned them briefly: Browne (1922-23), "true 
salivary glands are absent"; Thomson ( 1923) mentioned their role in 
lubrication; Schauder ( 1923) "numerous glands purely mucous"; and 
Grossman (1927) spoke of several glands being in the submucous tissue 
producing a mucous secretion which did not contain a digestive enzyme. 
Schauder gave the location of all the glands but did not include the histol-
ogy of them. Kaupp (1918) gave the location of angular, sublingual and 
palatine glands. Otte ( 1928) spoke of the first two and in addition, the 
submaxillary and the spheno-pterygoideae salivary glands. Biitschli (1924) 
mentioned particularly diffuse glands of the tongue. Owen mentioned the 
following: '' folliculi lingualis, '' '' glandulae sublinguales,'' '' glandulae 
submaxillares," "glandulae anguli oris," "folliculi preglottidei," "folli-
culi post-nasales, '' and '' amygdalae. '' Cholodowsky ( 1892) described the 
glands of the lower mandible and the '' glandula angular oris. '' Wieder-
sheim and Parker (1897) compared the lingual and palatine glands of the 
bird to those of the reptiles. Zietschmann described elastic fibers in the 
connective tissue propria in which the glands lie, as well as in the gland 
capsule itself. 
ESOPHAGUS 
In general the esophagus has been described as a very elastic tube ex-
tending from the pharynx to the proventriculus and containing at its en-
trance into the thorax a dilatation called the crop. Kupfer (1908) used 
the term pharynx instead of esophagus to designate the part from the 1back 
of the mouth to the proventriculus. There are, however, two markedly 
contrasting views as to its structure. Barthels ( 1895), Batt ( 1925), Brad-
ley ( 1915), Browne ( 1922-23), Heidrich ( 1905), Kaupp ( 1918), and 
Kovacs ( 1928) spoke of the outer layer of muscle as a longitudinal one, 
while Cazin ( 1888b), Gadow ( 1879), Marschall ( 1895), Newton ( 1893-97), 
Otte (1928), Owen (1866), and Zietschmann (1911) mentioned an outer 
transverse or circular muscle layer. Heidrich observed that smooth muscle 
began quite a distance anterior to the esophagus. 
Kovacs ( 1928), Schauder ( 1923), and Zietschmann ( 1911) found an 
esophageal tonsil near the lower extremity of the esophagus. 
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Another difference in opinion was manifested as to the number of 
layers in the wall. Zietschmann (1911), Kupfer (1908), and Otte (1928), 
said three; Batt ( 1925), Grossman ( 1927), and Marschall ( 1895), four; 
and Newton (1893-97), five. 
The esophagus was described quite briefly by the following authors: 
Browne (1922-23), Biitschli (1924), Grossman (1927), Wiedersheim and 
Parker (1897), Thomson (1923), and Ward and Gallagher (1927). Schrei-
ner ( 1900) and Schauder ( 1923) mentioned chiefly the longitudinal folds 
of the mucous membrane, smooth muscle, a longitudinally arranged elastic 
tissue sheath besides the muscularis mucosae, and the mucous glands. Of 
particular note in Barthe ls ' ( 18 95) work were "border cells, " a detach-
ment of the marginal edge of the mucosa. 
Klein (1871) and Rubeli (1890) dealt with the structure, and Schu-
maker (1926) with the structure and development of the mucous glands. 
Batt ( 1925) stated that the mucous glands were most numerous in the 
upper esophagus. Michalka (1924) found pavement epithelium in the 
glands of the esophagus. 
CROP 
It was agreed that the crop had the same general structure as the 
esophagus. Batt ( 1925), Browne ( 1922-23), Chauveau ( 1905), Kaupp 
(1918), Marschall (1895), Otte (1928), Schauder (1923), Ward and 
Gallagher (1927), and Wiedersheim and Parker (1897) merely stated that 
mucous glands were present. Barthels ( 1895) found no glands in the 
diverticulum of the crop. Schreiner (1900) found glands only on the "back 
side." According to Kupfer ( 1908) "the ventral surface of the crop and 
the side parts in the ventral surface are free from glands." Owen (1866) 
described '' muciparous follicles'' as being larger and more numerous than 
those of the esophagus. Gadow (1891b) found the crop to have a gland-
less lumen and Kovacs ( 1928) found glands in the dorsal wall. Browne 
(1922-23) found them most numerous near its openings. Schauder (1923) 
wrote that the middle part of the ventral crop wall had no glands. Klein 
(1871) and Bradley (1915) found them absent in the crop. Zietschma.nn 
quoted Barthels, Gadow, and Schreiner on the matter of mucous glands 
and said in addition that the crop lacked lymphoid tissue. 
PROVENTRICULUS 
Bischoff's (1838) work brings forcibly to one's mind the advancement 
made in histology in the last century. A quotation from his work follows: 
"The mucous membrane of the proventriculus which is present here and 
which is separated from the little sacs is in the form of small pyramidal 
pouches or villi in which I could not observe any epithelium but only a 
granular structure .... If one sections it with a fine pair of scissors and 
flattens it out .... '' 
In general the proventriculus was described as having a mucous mem-
brane lined with simple columnar epithelium and containing in the tunica 
propria superficial tubular glands, a muscularis mucosae next, and between 
it and the lamina muscularis were the deep propria glands, [Bradley (1915), 
Zietschmann ( 1911)]. In contrast to this Batt ( 1925) described the deep 
propria glands as being between the muscularis mucosae and the epithelium. 
There were differences of opinion as to the structure of the glands. Batt, 
Bradley, Browne ( 1922-23), Grossman ( 1927), and Otte ( 1928) described 
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the deeper glands as tubular. According to Cazin (1887b and 1888a) the 
glands were "by no means tubular." Cazin ( 1887 c) mentioned them as 
"culs-de-sac." Kovacs (1928) stated that the deep glands were sac-formed. 
Schreiner (1900) and Zietschmann (1911) found them to be multilobar. 
Wilizewski (1870) stated that the glands increased in size near the esopha-
gus and decreased near the gizzard, while Marschall ( 1895) found the 
glands to decrease at both extremities. According to Gadow (1891b) glands 
were located in approximately fifty scattered rows. Newton (1893-97), 
Ward and Gallagher (1927), and Wiedersheim and Parker (1897) men-
tioned particularly the large amounts of glandular tissue in the proven-
triculus. 
Kovacs (1928) stated that "the glands may be likened to fundus 
glands"; Browne ( 1922-23) that the proventriculus was "analagous to 
true stomach in mammals"; Biitschli (1924) compared the proventriculus 
to the cardiac portion of the mammalian stomach; Batt ( 1925) stated that 
there were no acid or peptic cells in the proventriculus but that they re-
sembled the parietal cells of mammals; and Kaupp (1918) found them 
similar to the fundic glands of the horse. 
The same differences of opinion as to the muscle layers existed here 
as in the esophagus. Cazin ( 1888b) admitted that a longitudinal layer 
might be seen on the outside of the external circular layer. He also found 
the muscularis mucosae to contain both a longitudinal and transverse layer. 
Zietschmann ( 1911) made this statement, "Of twenty-six investigated kinds 
of birds, only one, Iotames oolidris, lacked the longitudinal layer." In 
Oppel's (1896) work on the muscular layers of the proventriculus he de-
scribed an outer longitudinal layer (often rudimentary) and an inner circu-
lar layer comprising the lamina muscularis, and an inner longitudinal layer 
and the muscle around the glands as making up the muscularis mucosae. 
Zietschmann stated that the outer longitudinal layer ended at the beginning 
of the gizzard. 
Zietschmann ( 1911) described a lymphocytic infiltration of the propria 
which included many eosinophils. Hasse (1866) found only a trace of 
elastic elements visible. Laroche (1926-27) quoted Cazin. Swenander 
(1902) studied Gallus domesticus in eomparison with other birds. Chau-
veau (1905), Owen (1866), and Schauder (1923) gave slight consideration 
to thi.s organ. Schreiner's (1900) work included quite a detailed cytological 
study of the epithelium. At the point of the folds prismatic cells had a 
height of thirty microns. The basal part of the cell was small, granular, 
and contained an oval nucleus. Other vacuolated cells which took a deeper 
stain were described. He also found the cells to diminish in height as the 
fold widened. 
According to some authors there is a so-called "intermediary piece'' 
between the proventriculus and the gizzard. Batt (1925) said it was a-
nalogous to the mammalian pylorus. Schauder (1923), Zietschmann (1908), 
Kovacs (1928), Hasse (1866), and Cazin (1886b) stated that it was charac-
terized by the lack of the deep propria glands of the proventriculus. Cazin 
( 1886a) described the tubular glands as longer than the surface glands 
of the proventriculus. Cazin (1888b) stated that the exudate was more 
complex. Schauder and Zietschmann agreed that it lacked the hornified 
layers of the gizzard while Kovacs characterized it by its keratinized layer. 
Marschall ( 1895) found a sphincter of circular muscle fibers separating 
the proventriculus and gizzard, while Bradley ( 1915) designated the. con-
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striction only as a demarcation. Biitschli (1924) stated that a "clear inter-
mediary piece is seldom inserted between the two sections. '' 
VENTRICULUS 
Most authors agreed on the general structure of the gizzard; its pecu-
liar musculature, a thin submucosa and the mucous membrane with its 
glandular layer and its keratinized secretion forming an inner layer. Brad-
ley (1915), Cornelius (1924), Gadow (1891b), Grossman (1927), Newton 
( 1893-97), Otte ( 1928), Owen ( 1866), and Wiedersheim and Parker ( 1897) 
described the internal layer as hard, thick, yellowish, horny and keratinized. 
Zietschmann (1911) said it was falsely called a horny layer and Hedenuis 
(18,92) described it as a keratinoid layer medial between keratin and al-
bumin. Cazin (1887a) stated that it was not analagous to tegumentary 
coverings. 
According to Biitschli (1924) this layer was strata-like and contained 
cast-off cells and Hii&..e ( 1866) mentioned parallel lines in it. Cazin 
( 1886b) described a ''secretion in the form of colonnades between which 
the recretion from the superficial epithelium is poured.'' 
Browne ( 1922-23) spoke of a ''horny epithelium'' and stated that 
there were no true glands present. Otte ( 1928) said that the true mucous 
membrane lay under the inner membrane and that the glands therein re-
semble the stomach glands of mammals. Kovacs ( 1928) and Schauder 
( 1923) compared them to pyloric glands of mammalian stomachs. Biitschli 
( 1924), Hasse ( 1866), and Cazin ( 1886b) described the glands as tubular, 
Cazin ( 1886a) as long cylindrical culs-de-sac. Cornelius ( 1924), Hiisse 
(1866), Kovacs (1928), and Zietschmann (1911) mentioned the cluster 
arrangement of the glands. 
Cazin ( 188Sb) stated that the cells were arranged obliquely to the 
axis of the tube. Pilliet (1886) stated that the gland cells were not cylin-
drical and Zietschmann (1911) that they were cubical to flat. Wiedersheim 
(1872) described secretion cells which appeared on the edge of the glands 
in profile. He also included a microscopic study of the secretion cone and 
secretion hook, the two latter being in contact with the cell itself. Zietsch-
mann stated that the glands were shorter where the mucosa was thinner. 
He also found elastic tissue to be confined to an area beneath the gland 
region. Cazin ( 1885), in writing of the development of the cornified layer 
stated that on the sixteenth day of incubation the glands approached the 
adult form. Kaupp ( 1917) stated that walls of gizzards of granivorous 
birds were very thick while Magnan (1911a) contended that the muscle 
masses were reduced to a minimum. Batt (1925) mentioned a thin outer 
longitudinal muscle layer. 
Both Garrod (1872), who wrote a paper on the mechanism of the 
gizzard, and Ashcraft (1930), in writing of the activities of the alimentary 
canal of the fowl, stated that in hunger the proventriculus and gizzard 
were vigorously and continually contracting, but did not discuss the minute 
structure of the gizzard. Bauer's ( 1901) work on the histology of the 
gizzard was chiefly done on the duck. Cazin ( 1887b) dealt with the em-
bryonal development. 
Marschall (1895) and Kaupp (1918) designated a valve and Otte 
(1928) a fold in the mucous membrane as separating the gizzard from the 
duodenum. 
Marschall (1895) also stated that the wall of the gizzard became thin-
ANATOMY OF THE DIGESTIVE TRACT OF GALLUS DOMESTICUS 267 
ner as it approached the duodenum. According to Zietschmann (1911) 
the border zone was rich in lymphocytes. Oppel (1896-1914) stated that 
this transitional zone corresponded to the pyloric region of mammals. 
Zietschmann called it the pyloric gland zone of the gizzard. 
According to Oppel (1896-1914) one cannot speak of a pyloric sphinc-
ter between the ventriculus and the duodenum. He also stated that the 
circular muscle of the intestine could be considered as a continuation of 
the diminished muscles of the ventriculus. Zietschmann ( 1911) stated 
that the surface of the gland layer in this intermediary portion became 
uneven and the glands were farther apart and took on an aspect of villi. 
Oppel described the glands in this area as club-shaped and curved at their 
lower end-not a beginning of Lieberkiihn's glands. Kovacs (1928) de-
scribed an alteration of the glands and the presence of lymphoid infiltra-
tion possessing follicular character. 
SMALL INTESTINE 
Clara ( 1926a), Batt ( 1925) and Zietschmann ( 1911) agreed in general 
on the structure of the small intestine (duodenum included): the mucous 
membrane was lined with simple columnar epithelium interspersed with 
goblet cells; the villi were tongue shaped, longer and more numerous in 
the duodenum; a submucosa in which the blood vascular system was con-
tained; and two layers of muscle-an inside muscularis mucosae, the middle 
circular and outer longitudinal layers of the lamina muscularis. Cloetta 
(1893) stated that there was no submucosa and that the blood and lymph 
vessels were in the tunica propria. 
Two bile ducts and three pancreatic ducts opening into the duodenum 
were described for the chicken by all authors with the exception of Batt 
(1925) who described one bile duct and two pancreatic ducts. According 
to Gadow (1879) the entrance of the ducts into the intestine was marked 
by a small warty projection which contained a valve. 
Newton (1893-97) described a villus as a structure containing a pro-
longation from the submucosa, a lacteal, arteries and veins and smooth 
muscles. Bujard's (1906) work indicated a change in the villi according 
to age. Clara ( 1927b) found the villi to present a picture of geometric 
regularity upon cross section. 
Cloetta ( 1893) described the epithelial cells of the glands as being 
smaller than the epithelial cells of the villi. He also found goblet cells 
nearer the tip of the villus as the age of the birds increased. Zietschmann 
(1911) found that the epithelial cells contained a cuticular border. Gres-
chik (1922) and Clara (1926b and 1927a) agreed that there were cells of 
Paneth while Cloetta doubted their presence. All authors with the ex-
ception of Kaupp were agreed that Brunner 's glands were lacking. Kaupp 
( 1918) made the following statement: "Openings of simple intestinal 
tubular glands the duodenal glands, or the glands formerly known as Brun-
ner's glands, are located between the villi.'' 
Otte (1928) described Peyer's patches in the bird intestine and Retter-
er and Lelievre (1910a) found areas having the appearance of Peyer's 
patches. 
Zietschmann (1911) found that elastic fibers were not demonstrable 
in the gland layer and were comparatively few in other layers. Batt (1925) 
described a layer of white fibrous tissue between the outer longitudinal and 
the inner circular muscle. According to Batt there were valvulae conni" 
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ventes present ; also lymph nodules were fewer in the remainder of the 
small intestine than in the duodenum. 
Browne (1922-23) made the statement that the intestine was uniform 
in caliber throughout while Cloetta (1893) and Otte (1928) found the 
duodenum to have a wider lumen. 
Newton (1893-97), Thomson (1923), and Gadow (1891b) mentioned 
the ileo-cecal value and Zietschmann ( 1911), an iliac sphincter. Wieder-
sheim and Parker ( 1897), Marschall ( 1895) , Ward and Gallagher ( 1927), 
and Grossman (1927) described the small intestine very briefly. 
LARGE INTESTINE 
The term large intestine was seldom used. Some used the term colon 
while others used the term rectum to include the portion from the caeca 
to the cloaca. Still others used the terms combined-colon and rectum. 
In this paper rectiim will be used to refer to this portion. 
CAECA 
Zietschmann ·(1911), and Looper and Looper (1929) made the most 
complete studies of the caeca. The general structure corresponded to the 
small intestine. According to Eberth as reported by Bradley (1915), 
Kaupp (1918), Oppel (1897), and Zietschmann, there was an elevation in 
the caeca about two to four millimeters from their origin. Muthmann 
( 1913) found so-called ''caecal tonsils.'' Looper and Looper found that 
lymph nodules first appeared at about fourteen days in the tunica propria 
two millimeters from the origin of the caeca, and in the tunica propria and 
submucosa of the blind ends. Prior to this age the lymphoid tissue was 
scarce and diffuse. Berry (1900) found lymphoid tissue diffused through-
out the mucosa. Bradley (1915), and Looper and Looper (1929) described 
many lymphoid nodules in the caeca. Batt (1925) stated that there were 
"few small lymphatic nodes" and Zietschmann (1911) that follicles seldom 
appear. 
Looper and Looper ( 1929) found the muscularis mucosae to be absent 
in many places while Batt (1925) stated that it was well developed. 
Looper and Looper found many eosinophils throughout the wall and 
Muthmann (1913) stated that cells with large granules were present in 
large quantities. Bittner (1924) and Otte (1928) divided the caeca into 
three parts: a neck with many villi; a middle portion with few villi; and 
the vescicular blind end which was thin walled and free from villi. Browne 
(1922-23) and Zietschmann (1911) stated that the villi were short or absent 
in the dilated portion. According to Batt (1925) the mucous membrane 
was thrown into folds which gave the appearance of villi. 
Oppel (1896) referred to Eberth as finding ciliated epithelium in the 
folds and extending into the glands. Maumus (1902) attempted to verify 
this but failed. He concluded they were probably artifacts. 
Zietschmann ( 1911) found goblet cells to be lacking in spaces where 
lymphoid tissue was numerous. 
Other important facts brought out by Looper and Looper (1929) were: 
the submucosa was occupied by or obliterated by lymph nodules where the 
lymphoid tissue was present in the tunica propria; circular layers of muscle 
were displaced by lymphoid tissue in the blind end ; reticular connective 
tissue fibers extended into the circular muscle layers and encircled the 
fibers; most important of all, the mucosa of the distal two thirds underwent 
ANATOMY OF THE DIGESTIVE TRACT OF GALLUS DOMES'rICUS 269 
a degenerative change as fowls became older. The regression involved the 
atrophy of the epithelium and glands accompanied by the appearance of 
lymphoid tissue. This had, in turn, been replaced by sclerotic fibrous tissue 
in the blind ends of the caeca in a three-year-old specimen. 
Ward and Gallagher ( 1927), Wiedersheim and Parker ( 1897), Mar-
schall ( 1895), Otte ( 1928), Schauder ( 1923), and Grossman ( 1927) gave 
slight consideration to the caeca. Maumus and Launoy (1901), Mangold 
( 1931), and Rosel er ( 1929) dealt primarily with the physiology of these 
organs. 
RECTUM 
Regarding the structure of the rectum, little has been said beyond the 
fact that it was very similar to the small intestine. Owen (1866) stated 
that the villi of the rectum were coarser, shorter and less numerous than 
those of the small intestine. Greschik (1912) on the contrary found them 
to continue the same height to the anus. Zietschmann (1911) in describing 
the "cloaca! end of the rectum" agreed with Owen ( 1866) and added that 
the villi "afterwards take on the greatest. leninh of anywhere in the in-
testine." Grossman (1927) and Marschall (1895) described numerous villi 
with glands emptying between them. Greschik mentioned simple tubular 
glands and Zietschmann stated that the glands were longer than in the rest 
o:f the intestine. Clara (1926a), Greschik, and Zietschmann found lymphoid 
tissue in the rectum. According to Greschik, the submucosa was weakly 
developed and in many cases not apparent. 
CLOACA 
Biitschli (1924) found a sphincter marking the limitation of the rec-
tum. Otte (1928) and Owen (1866) made the statement that the rectum 
terminated in a valvular circular orifice. Kaupp (1917) agreed with them 
by saying that there was a strong oblique fold of the mucous membrane 
where the large intestine emptied into the cloaca. According to Retterer 
(1885) and Jolly (1915) there was no demarcation between the two. 
Ward and Gallagher (1927), Thomson (1923), Gadow (1891a), 
Biitschli (1924), Schauder (1923), and Bradley (1915) described three 
compartments in the cloaca. The most anterior was named coprodaeum, 
the middle one urodaeum, and the posterior one proctodaeum. Retterer 
(1885) spoke of a "rectal vestibule" in describing the anterior compart-
tµent. Owen (1866) stated that the rectum terminated in a rudimentary 
urinary bladder. 
According to Gadow (1891a) the coprodaeum had the same mucous 
membrane as the rectum, and Zietschmann (1911) described a one-layered 
epithelium extending as far as the anal opening. 
ANUS 
Retterer ( 1885) described a sphincter of smooth muscle outside of 
which was a voluntary transverse cloaca! muscle. Marschall (1895) de-
scribed the anal opening as an oblique slit while Gadow (1891a) stated 
that it was a round opening. 
LIVER 
Few writers have given much attention to the microscopic anatomy 
of the bird liver. Krause (1922) studied the liver of the pigeon as repre-
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sentative of the livers of birds and found it to be very similar to the mam-
malian liver. He found indications of changes in the cells according to 
the secretory condition. Batt (1926) also noted the similarity to the mam-
malian liver. Zietschmann ( 1911) stated that the liver of the bird had a 
smaller lobule design than the mammal. According to him central veins 
were lacking. Batt stated central veins and a portal system were present. 
Zietschmann found elastic fibers only in the vessel walls. Batt described 
a scant reticulum in the liver of the bird. Shore and Jones (1889) de-
scribed the liver parenchyma as dense with obscure cell outlines. In young 
chickens the cell structure was clearly tubular with five rows of cells to 
the tubules. Shore and Jones further indicated that there was no dis-
tinction between interlobular and intralobular vessels. Shore (1890-91) 
found the liver cells of baby chicks to be excavated by spaces for oil drop-
lets. He suggested a relationship between the color of the liver and the 
yolk. Doyle and Mathews (1928) stated that the color of the liver changed 
from the yellow of the baby chick liver to the red or maroon of the adult 
liver by the time a chick was a week to ten days old. 
GALL BLADDER 
The wall of the gall bladder as described by Zietschmann (1911) con-
sisted of an adventitia with many blood vessels and some lymph follicles, 
an outer longitudinal and inner circular muscular layer, and a mucous 
membrane with many folds. The propria was filled with lymph cells. 
According to him, "the surface epithelium resembles that of the liver," 
and the surface was pouched and contained short crypts. Otte ( 1928) 
found many tubulose glands in the tunica propria. 
The structure of the ducts was similar to that of the gall bladder. The 
ducts contained, according to Zietschmann (1911), a one layered cylindrical 
epithelium, while goblet cells and special glands were lacking. 
PANCREAS 
Zietschmann (1911) found the pancreas to differ little from that of 
the mammal. Pugnat ( 1897) described three lobes each possessing a dis-
tinct excretory duct. Clara (1923-24) described in addition to the two 
lobes in the loop of the duodenum, a splenic lobe. He did not find a separate 
excretory duct for it. Clara found this splenic segment to be of a lobular 
structure while the other two were not. According to Pugnat the pancreas 
was a ramifying and reticular tubulo-acinar gland. Krause (1922) and 
Clara described more islets of Langerhans in the dorsal lobe than in the 
ventral. According to Zietschmann the islets of Langerhans showed noth-
ing special in the bird while. Clara described a "pseudo-islet" similar in 
structure, but different in staining affinity. According to Batt (1926) they 
were smaller than the islets of the mammalian pancreas but similar in 
structure. Bohm (1904) did not find a pronounced accumulation of Langer-
hans cells. He did not find the islets to be set off from the surrounding 
pancreas while Batt described a delicate fibrous capsule surrounding them. 
Zietschmann and Krause found few centro-acinar cells while Pugnat stated 
that there were no centro-acinar cells. According to Pugnat the pancreatic 
cell was small. Batt found basket cells forming a reticulum about the 
acinar cells. Zietschmann described scant elastic tissue between the gland 
tubes. 
Zietschmann (1911) stated that the pancreatic ducts were similar in 
ANATOMY OF THE DIGESTIVE TRACT OF GALLUS DOMESTICUS 271 
structure to the bile ducts. Batt (1926) mentioned a simple columnar 
epithelium lining the main duct and involuntary muscle fibers in its walls. 
BURSA CLOACAE 
The bursa cloacae (bursa of Fabricius) has been the source of much 
speculation in regard to its function. According to Retterer and Lelievre 
( 1913b) it had previously been given the names, egg reservoir, third caecum, 
anal gland, anal pouch, urinary vessel, bladder, genital apparatus, seminal 
vesicle, prostate, Cowper's gland, and one author even described it as a 
pouch characteristic of the female which received the sperm of the male. 
Microscopically this organ has in general been described as having a serosa, 
a muscular tunic of smooth fibers, and a mucous membrane of longitudinal 
folds made up of a mass of lymphoid and epithelial tissue. Retterer (1885) 
described a thick serosa, Osawa ( 1911) a thin serosa, and Jolly ( 1915) 
stated that the capsule was made up of a thin connective tissue layer and 
a thin smooth muscle layer. Gadow (1891a) also mentioned the smooth 
muscle. Retterer ( 1885) found the exterior muscle layer longitudinal and 
the internal transverse, while Osawa found the opposite arrangement. 
Retterer ( 1885) stated that there might be as many as forty to fifty follicles 
in a single fold. Jolly ( 1915) stated that there were twelve to fourteen 
folds in the chicken. 
There were two opposing views on the structure of the follicle : one 
that there was a connective tissue network ~md blood vessels in the medullary 
portion [Retterer ( 1885), Stieda ( 1880), and Osawa ( 1911)] ; the other 
that connective tissue and blood vessels did not penetrate the medullary 
part [Schumacher (1903), and Wenckebach (1889 and 1896)]. Retterer 
and Lelievre (1910a) described an abundance of elastic fibers in the "inter-
follicular walls.'' 
There were some differences of opinion regarding the epithelium. 
Jolly ( 1915) mentioned only cylindrical epithelium; Schumacher stated 
that the epithelium varied from cuboidal and tall colmnnar to pseudo-
stratified columnar; according to Osawa ( 1911) the epithelium was strati-
fied with the surface layer cylindrical. Wenekebach (1889) did not find 
any goblet cells. Gad ow ( 1891a) found few goblet cells in the epithelium 
of the bursa cloacae. 
Forbes (1877) could not find a valve or flap over the opening to the 
bursa cloaca. Retterer ( 1885) stated that the posterior face of the uro-
anal fold overhung the opening into the bursa in Uria troile. 
Jolly ( 1910, 1911a and 1913a), Retterer ( 1893), and Retterer and 
Lelievre (1913a) concerned themselves chiefly with the development of the 
bursa cloacae. Retterer and Lelievre ( 1910b and 1913b) stated that the 
medullary portion was of epithelial origin. According to Retterer ( 1885) 
its size at its maximum development was probably two and five tenths 
centimeters in length, two centimeters in width and one and five tenths 
centimeters in thickness. Jolly ( 1913b) stated that the beginning of in-
volution coincided exactly with the appearance of sexual maturity while 
Riddle (1928) found involution usually complete coincident with sexual 
maturity. According to Schauder ( 1923), Otte ( 1928), Bradley ( 1915), 
·and Kaupp (1918) its maximum growth was reached between four and 
five months. Bittner (1924) compared the bursa cloacae to an acorn at 
five months and a hemp seed or a pea at one year. Others such as Ward 
and Gallagher ( 1927), Thomson ( 1923), Marschall ( 1895), Gadow ( 1891a), 
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and Wiedersheim and Parker (1897) discussed its retrogression briefly. 
Jolly (1911c and 1915) wrote more in detail on the subject. Boyden (1922) 
referred to Jolly (191lb) on the matter of its physiological function, who 
ascribed to it a hematopoietique function. Jolly ( 1911b) and Jolly and 
Levin (1911) found that fasting had a rapidly degenerative effect on the 
bursa cloacae. 
DIVERTICULUM 
The remnant of the yolk stalk was described as an appendage to the 
small intestine. Otte (1928), Owen (1866), and Retterer and Lelievre 
(1910c) observed this diverticulum in many birds. Zietschmann (1911) 
stated that in all birds, except the goose, it disappeared completely after 
birth. Muthmann (1913) found it to remain during the entire life of the 
bird. Latimer (1924) found it to be constantly present in the chicken. 
Maumus (1902) stated that the cells lining the so-called third caecum were 
a continuation of the intestinal canal. Much lymphoid tissue was present. 
As age increased macrophages became numerous, the villi diminished, and 
the longitudinal muscle fibers near the blind end seemed to disappear little 
by little. Maumus made the statement that the disappearance of the muscle 
varied with the activity of the macrophages. Generally it began to dis-
appear about the third month and had completely disappeared in the greater 
part of Galli.nacea two months later. 
The disappearance of the yolk sac itself was considered by Schilling 
and Bleecker (1928) to be almost complete by the fourteenth day. Schau-
der (1923) stated that it underwent involution at the sixteenth day in the 
chick. Latimer (1924) found the· yolk sac, with one exception, up to and 
including the thirty-eighth day, and thereafter frequently up to the two 
hundred thirty-seventh day. 
GROSS ANATOMY 
Prehensile and masticatory organs are limited to an upper and lower 
beak. (Pl. I-1). 
The chicken possesses a hard palate which is separated from the phar-
ynx by a row of papillae. (Pl. II-5). The nares (Pl. II-4) open through 
a longitudinal slit into the middle of the hard palate and the dorsal mid-
portion of the pharynx. 
The tongue (Pl. II-12) is attached to the caudal part of the floor of 
the mouth and conforms to the shape of the beak. On its posterior part 
is a row of papillae. (Pl. II-13). The tongue muscles include lingual and 
hyoid muscles [Owen ( 1866) . and Shufeldt ( 1890)]. 
The pharynx (Pl. II-6) is a poorly defined area in the back of the 
mouth into which open the Eustachian tubes (Pl. II-8), esophagus (Pl. 
II-11), larynx, mouth, and the nasal openings as described above. The 
aditus laryngis (PL II-16) presents no epiglottis. 
The esophagus (Pl. I-5) is a long dilatable tube leading from the pha-
rynx to the proventriculus with an outpouching, the crop (Pl. I-6), at the 
entrance into the thoracic cavity. 
The proventriculus (Pl. I-7) appears as a dilatation of the esophagus 
at its posterior extremity but upon palpation is found to be thicker walled 
and spongy. It opens after a narrow constriction at its posterior extremity 
into the muscular stomach, gizzard or ventriculus. 
The ventriculus (PL I-8) is oval, flattened laterally and particularly 
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prominent because of its musculature. This muscular mass is comprised 
of two pairs of muscles: the two thin musculi intermedii (Pl. I-10), one 
of which arises near the proventriculus and the other at the posterior end, 
are between the thick musculi laterales, (Pl. I-9) which are part of the 
wall of the lumen. Both pairs have their insertion on a tendinous aponeu-
rosis (Pl. I-11) on the lateral side of the ventriculus. 
The duodenum (Pl. I-12), the fore part of the small intestine, forms 
a loop in which the main part of the pancreas lies. Three pancreatic and 
two bile ducts enter at a point approximating the junction of the duodenum 
with the remainder of the small intestine. 
The jejunum and ileum (Pl. I-16) between which there is no line of 
differentiation are arranged in coils supported by the mesentery. 
At a point about midway in the small intestine may be found the at-
tachment of the stalk of the yolk sac (Pl. I-17) or its remnant (Pl. I-18) 
depending on the age of the chicken. 
There is no line of demarcation between the colon and rectum, the two 
usually being considered as one, the rectum (Pl. I-21). 
At the junction of the small intestine and rectum (Pl. I-20) the paired 
caecae (Pl. I-19) are given off anteriorly. Each terminates as a blind sac 
which is larger than the constricted part near its origin. 
The rectum terminates in the anterior portion of the cloaca. There 
is no line of demarcation except a gradual widening. 
The cloaca (Pl. I-22) is divided into three parts: the coprodaeum into 
which the rectum empties; the middle part, the urodaeum, into which the 
ureters and genital ducts enter; and the external part, proctodaeum, from 
which the bursa cloacae (Pl. I-23) extends antero-dorsally. 
The anus (Pl. I-24) is comprised of a prominent dorsal and a ventral 
lip which meet at each side forming a lateral commissure. 
The liver (Pl. I-15) is a two lobed organ lying posterior to the rudi-
mentary diaphragm. Its posterior edges are quite noticeably notched. The 
gall bladder (Pl. I-14) is located on its visceral surface and from it the 
ductus cysticus carries the bile to the duodenum while a second duct, the 
ductus hepaticus comes directly from the left lobe and empties into the 
duodenum in close proximity to the first. 
As already mentioned the main part of the pancreas (Pl. III-10, 11) 
is located in the loop of the duodenum. The pancreas is composed of three 
lobes, the dorsal and ventral lobes located as described and a third much 
smaller lobe extending dorsally to the spleen. Pl. III-12). 
Measurements of the digestive tract of five chickens were made and 
are included in table 1, to show the relative lengths. By comparing the 
figures one may get an idea of the rate of growth. 
TABLE 1. Growth changes in the digesti1!e tract 
Measurements I 36 hr. \ 20 da. \ 5 mo. I 1.5 yr. 2 yr. 
Entire digestive tract 143 cm. 85 cm. I 152 cm.1210 cm. I 175 cm. Angle of beak to crop 2.5 " 7.5 ,, 12.5 ,, 20 ,, 17.5 ,, 
Angle of beak to proventriculus 5 " 11.5 " 20 ,, 35 
,, I 27.5 " 
Duodenum (complete loop) 6 II 12 II 20 ,, 20 II 
I 
25 ,, 
Ileum and jejunum 24 ,, 49 II 85 " 120 II 92.5 II 
Caeca 3.5 ,, 5 II 15 II 17.5 ,, 16 ,, 
Rectum and cloaca 3 ,, 4 II 11.25 II 11.25,, I 13.75 II 
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Orr (1931) took measurements and computed averages on the intestines 
of thirty-five birds. The birds ranged in weight from 1200 to 1800 gm., 
85 per cent of which were within a 200 gm. range. Bis results follow: 
the duodenum (measurements including the entrance of the bile and pan-
creatic ducts) 25.3 cm. ; the remainder of the small intestine 104 cm. ; entire 
small intestine, 132.5 cm. ; caeca, 14.4 cm.; and "colon" (measured from the 
entrance of the caeca to the point where the rectum began to widen) 6.36 
cm. 
Kersten (1912) made measurements on the intestine of twenty-four 
specimens ranging from 2 da. 3 hr. to 21 wk. 8 hr. (Table 2) . 
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In a three-week-old chick, Kersten found the length of the small in-
testine to be 72 cm., while the writer found it to be 61 cm. Likewise in 
a five-month-old specimen, Kersten found the length of the small intestine 
to be 127.5 cm. and the writer found it 105 cm. The latter measurement by 
Kersten compares with Orr's figures (132.5 cm.) of the intestinal length. 
An average of the length of the two adult specimens of the intestine studied 
by the writer was 128.7 cm. Other figures are similar: the duodenal length 
of the adult according to Orr was 25.3 cm. and the writer found 22.5 cm.; 
the length of the small intestine without the duodenum was 106.5 cm. ac-
cording to Orr, and 140 cm. according to the author's observation; the 
caecal length as Orr gave it was 14.4 cm. and the author 16.5 cm. Accord-
ing to Kersten the caecal length in a five-month-old chicken was 16 cm. and 
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the author found it to be 15 cm. In the three-week-old specimen the figures 
for the caeca were similar, being 6.5 cm. as Kersten gave it and 5 cm. 
according to the author. 
In the oldest specimen Kersten measured (21 weeks), the length of the 
"colon and rectum" was 9.5 cm. In the adult speciments, Orr found the 
''colon'' to be 6.36 cm. in length 
Magnan (1911a) made the statement that the total surface of the body 
was 2.4 times the intestinal surface in granivorous birds (917 individuals, 
12 species). In the same article M. Caullery criticized Magnan 's work and 
said that the surface of the intestine from a physiological viewpoint should 
be its glandular surface and should take into consideration the villi and 
crypts. 
MATERIALS AND METHODS 
The specimen material was secured from one carcass each of chickens 
aged thirty-six hours (male), twenty days (sex unrecorded), five months 
(female) , one and one-half years (male), and two years (female). Besides 
these, livers and some additional material were obtained from two groups 
of baby chicks. Several specimens of the bursa cloacae were obtained from 
other chickens. 
The following methods were used: paraffin embedding with the ex-
ception of frozen sections of a specimen of each liver ; Harris hematoxylin 
and eosin were used as a routine stain; Weigert 's elastic tissue stain was 
used for elastic connective tissue; Van Gieson 's picro-acid-fuchsin was used 
for white fibrous connective tissue; frozen sections of liver were stained 
with Scharlach R [alcohol-acetone method according to Mallory and Wright 
(1924)]; mucin was demonstrated by Mayer's mucicarmine method as 
given by Roepke ( 1930) ; keratohyalin granules were stained by Pasini 's 
( 1930) method ; reticulum according to Foot and Menard ( 1927) . 
In the experiments with the baby chicks the chicks were killed at stated 
intervals and a section of the liver stained for fat to determine at what 
age the fat began to disappear and how long it persisted. 
RESULTS 
Observations were made on the digestive tract from the beak to the 
anus, including all appendages. No differences existed in the digestive tract 
of either sex, so the matter of sex will not be referred to again. 
:BEAK 
The beak, as shown in Plate IV, figure A, consisted of three layers, 
bone ( 11), corium ( 6), and epidermis ( 1). The bone in the upper beak 
was the os incisivum and in the lower the os dentale. A layer of periosteum 
was observed outside the bone. (Pl. IV, fig. A-10). 
The corium (Pl. IV, fig. A-6) extending from the periosteum to the 
epithelium was made up of connective tissue containing blood vessels (7), 
nerves ( 8), and taste corpuscles ( 9), as shown in Plate IV, figure A. 
The epidermis (Pl. IV, fig. A-1) comprised four layers. The stratum 
germinativum (Pl. IV, fig. A-5) was composed of three rows of tall cylin-
drical epithelial cells which changed abruptly to the stratum granuloslim. 
(Pl. IV, fig. A-4). This latter contained four to five layers of flattened 
cells, with their long axes parallel to the surface. They were distinctly 
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granular. Intercellular bridges were very prominent in this layer. The 
stratum lucidum (Pl. IV, :fig. A-3) was less distinct than the corresponding 
layer in the skin of mammals. It comprised about one-eighth of the entire 
epidermis. The stratum corneum (Pl. IV, :fig. A-2) was a very thick layer 
of flat structureless cells. 
The general structure of the lower beak (Pl. IV, :fig. B) corresponded 
to the above. The cutis appeared more vascular. There were no taste 
corpuscles present. The epidermis was about one-third as wide as that of 
the upper beak. The stratum germinativum contained polyhedral cells, 
instead of cylindrical cells as in the upper beak. 
MOUTH CAVITY 
'- The mucous coat of the mouth cavity was lined throughout with strati-
fied squamous epithelium. Papillae from the tunica propria extended into 
its basal layers and projections from the epithelium protruded down be-
tween these papillae from the tunica propria. In the roof of the mouth 
(Pls. V-VII) the nuclei of the cells of the outer surface of the epithelium 
were flatter than those of the basal layer and took a deeper stain. In places 
they appeared to be in a small cavity which did not take any stain. 
The division between the tunica propria (Pl. V, fig. A-2) and the sub-
mucosa (PL V, fig. A-3) was rather an arbitrary one since there was no 
muscularis mucosae present until the posterior part of the pharynx was 
reached. ,(Pl. VII, fig. A-3). The tunica propria contained many macro-
scopic papillae (Pl. VI, fig. A-3 and fig. B-6) which extended posteriorly. 
The microscopic papillae extending into the epithelium seemed shorter 
near the lateral borders. Elastic and white fibrous connective tissue was 
present in the tunica propria. Diffuse lymphoid tissue was observed in the 
tunica propria of the year-and-one-half-old specimen and a lymph nodule 
in the two-year-old specimen. These were not evident in young chickens. 
The submucosa (Pl. V, fig. A-3) was considered as that portion deeply 
to the tunica propria in which salivary glands lie. Since one gland was 
practically in continuity with another and these glands were paired, there 
were few areas in which no glandular tissue was present. 
The submucosa contained elastic and white fibrous tissue, the latter 
forming a capsule about the glands. A fatty cushion was observed deeply 
to the gland layers in many specimens. (Pl. V, fig. A-4). The muscular 
layer outside the submucosa was voluntary. 
The floor of the mouth was very similar in structure to the roof of the 
mouth. Toward the lateral sides of the floor of the mouth the epithelium 
became less compact, the outer cells were more polyhedral, and the nuclei 
more spherical and pycnotic. The microscopic papillae of the tunica propria 
were more prominent. 
TONGUE 
The general structure of the tongue (PL VIII, figs. A and B and Pl. 
IX, fig. A) was similar in its entire length. A thick stratified squamous 
epithelium (Pl. VIII, fig. B-1) covered the dorsal surface. In some in-
stances the surface was uneven, the projections resembling low blunt 
papillae. 
The tunica propria (Pl. VIII, fig. B-2) comprised the second layer, 
which contained the anterior lingual salivary glands on either side, (Pl. 
VIII, fig. B-3) , the entoglossal bone, (PL VIII, fig. B-4) (cartilaginous in 
young birds) in the middle, with voluntary muscle (Pl. VIII, fig. B-5) 
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below the bone. The tunica propria was made up of white fibrous and 
areolar tissue containing blood and lymph vessels and nerves. Prominent 
microscopic papillae of tunica propria extended into the epithelium. In 
old birds the lower surface contained diffuse lymphoid tissue and an oc-
casional lymphoid nodule. No lymphoid tissue was present in the tongue 
of a young specimen. The stratified squamous epithelium of the ventral 
surface of the tongue (Pl. VIII, fig. B-6) was smooth. It was about one-
third to one-fourth as thick as that of the dorsal surface. Toward the point 
of the tongue (Pl. VIII, fig. A) the lower epithelium became cornified and 
took a stain similar to the stratum corneum of the beak. Toward the base 
of the tongue the entoglossal bone (Pl. IX, fig. A-6) presented a different 
picture than in the mid-portion. Two wings of this bone extended latero-
caudally just below the dorsal surface of the tongue. In the center the 
basihyal bone was observed. (Pl. IX, fig. A-5). 
The muscles presented different pictures at different levels. Near the 
tip the muscle was practically absent. (Pl. VIII, fig. A). A cross section 
from the mid-portion of the tongue is shown in Plate VIII, figure B, and 
a section from near the base is shown in Plate IX, figure A. 
SALIVARY GLANDS 
Schauder's (1923) description and terminology was used for the loca-
tion and naming of the salivary glands. A translation of the outline, in-
cluding only the parts pertaining to the chicken, follows: 
(a) Glands at the bottom of the oral cavity. 
1. Anterior submaxillary: largely developed, paired glands in the 
angle between the lower rami of the maxilla. 
2. Posterior submaxillary in group of 3 : 
a. anterior lateral, lying medial to the os dentale; b. inter-
mediare, caudoventral to a; c. back mediale, postero-medial to 
and connecting with the intermediary group. 
(b) Glands of angle of the mouth. 
3. Angularis oris gland [Cholodkowsky (1892)]: lying in the 
angles of the beak, a small, three-cornered gland area. 
( c) Glands of the tongue. 
4. .Anterior lingual : at the side of, in the middle of, and in the 
posterior part of the tongue. 
5. Posterior lingual: on the dorsal surface of the base of the 
tongue. 
( d) Glands of the roof of the mouth. 
6. Paired glands joining medially in the hard palate lying before 
the posterior nares. [Maxillary of Heidrich, ( 1905) ] . 
7. Medial and lateral palatine glands: extending longitudinally to 
the posterior nares. 
8. Sphenopterygoid: in the roof of the pharynx. 
( e) Glands of the pharyngeal canal. 
9. Cricoarytaenoideae: lying lateral to the larynx in the sub-
mucosa of the cutaneous mucous membrane. 
The salivary glands all presented the same structure. They consisted 
of branched tubular glands with openings into a common cavity .(Pl. X, 
fig. A-3) from which an excretory duct (Pl. X, fig. A-1) led to the mouth 
cavity. The angularis oris and the maxillary glands had a single opening 
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for each gland. Others had many openings for a single gland. The cells 
were columnar in shape with small nuclei which lay close to their bases. 
Fine septa containing white fibrous and elastic fibers, capillaries and some 
muscle fibers extended between the tubules from the capsule which sur-
rounded the acini. Basket cells were not definitely identified. There were 
some large cells in the septa but their nature was not determined. The 
glands were entirely composed of mucous cells and in no case were serous 
cells observed. 
The buccal epithelium extended into the duct a short distance and 
then changed to a low columnar type which continued into and lined the 
collecting cavity, becoming taller again in the latter. 
Lymphoid tissue (PL XI, fig. A-4 and Pl. XII, fig. B-6) was found 
between the lobules of all glands of the adult specimens except in the an-
terior lingual. Only the third group of the posterior submaxillary and 
the cricoarytenoid contained lymphoid tissue in the five-month-old specimen 
and of the two younger specimens the only indication of lymphoid tissue 
was in the cricoarytenoid of the thirty-six-hour chick. 
A peculiar structure was observed in some of the glands. The cell 
outlines had disappeared and the result was one conglomerate mass of 
secretion and cellular debris. (PL XI, fig. A-5). A similar area in an-
other section (PL XI, fig. B-2) took a mucous stain. 
PHARYNX 
The pharynx extended from the row of papillae at the back of the 
hard palate (PL VI, fig. A-3) to the row of papillae at the entrance of the 
esophagus. (PL VII, fig. A-8). The roof of the pharynx was composed 
chiefly of the medial palatine (PL VI, fig. C-4) and the sphenopterygoid 
glands (PL VI, fig. C-5) between which lay a voluntary muscle making 
an oblique angle with the epithelium. (PL VI, fig. C-3). The microscopic 
structure resembled that of the mouth as did that of the floor of the phar-
ynx. The latter contained the posterior lingual and the cricoarytenoid 
glands in its wall. 
The structure regarded by some authors as a tonsil was observed as 
a lymphoid infiltration of the tunica propria in the region of the aditus 
laryngis. (PL IX, fig. B). Some lymph nodules were present under the 
stratified squamous epithelium. 
The wall of the digestive tube proper, consisted essentially of a mucous 
membrane, comprised of an epithelial lining, tunica propria and muscularis 
mucosae; a submucosa; a lamina muscularis; and an adventitia or serosa 
depending on the location of the organ. 
ESOPHAGUS 
The esophagus was similar in structure both anterior and posterior to 
the crop. It was characterized by a wide stratified squamous epithelial 
layer. (PL XIII, fig. A-1). The basal layer of the epithelium projected 
between prominent papillae of the tunica propria. The epithelium showed 
a loosening of the outer layers with a tendency to slough off. In the tunica 
propria (PL XIII, fig. B-2) were contained large mucous glands. (PL 
XIII, fig. B-3). The tunica propria was made up of a network of fibrous 
tissue which contained many blood vessels, lymph vessels, and nerves. As 
the bird advanced in age the elastic tissue became more dense in the sub-
mucosa, (PL XV, fig. B) and was observed in the tunica propria. (Pl. XV, 
fig. A). Lymphoid nodules were also observed. The mucous glands were 
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lined by low cuboidal epithelium which decreased in height as it approached 
the surface finally becoming flattened. (PL XIV, fig. B-3). 
The muscularis mucosae (Pl. XIII, fig. A-4) was of thick involuntary 
muscle arranged longitudinally. It was about three times as thick as the 
outer longitudinal layer of the lamina muscularis. 
The submucosa (PL XIII, fig. A-5) was thin, hardly discernible in 
places, while in others it widened out and a few blood vessels and nerves 
could be distinguished in it. 
The lamina muscularis (Pl. XIII, fig. A-6 and 7) consisted of a thick 
inner circular layer and a thin outer longitudinal layer of involuntary 
muscle. In specimens from birds aged five months, one and one-half years, 
and two years, a heavy elastic tissue layer was in close contact with the 
outer longitudinal muscle layer. 
The outer layer or adventitia (Pl. XIII, fig. A-8) was thin, and served 
to unite the esophagus to adjacent structures. It contained elastic and white 
fibrous tissue and many plexuses of blood and lymph vessels and also 
nerves. 
CROP 
The lesser curvature of the crop (PL XVI, fig. B) had essentially the 
same strueture as the esophagus of which it was a part. The structure of 
the diverticulum of the crop (PL XVI, fig. A) differed in some respects 
from the esophagus with which its walls were continuous. The glands of 
the crop (Pl. XVI, fig. B-3) were confined to an area which was close to 
the junction with the esophagus. The epithelial projections between the 
papillae of the tunica propria were more rounded. The same sloughing 
of the epithelium was observed here. None of the specimens showed any 
lymphoid tissue in tbe diverticulum of the crop but it was present in the 
esophageal wall of the crops of older birds. In three specimens the muscu-
laris mucosae appeared to be arranged in an outer longitudinal and an 
inner circular layer. (Pl. XVI, fig. A-3). In the other two birds it was 
difficult to make out any circular layer. Elastic tissue was observed ex-
teriorly to the outer longitudinal muscle layer of this organ in the baby 
chick and it increased with age, spreading to the other layers of the wall. 
Many blood vessels were present in the adventitia, between the muscle 
bundles, and in the submucosa. 
JUNCTION OF PROVENTRICULUS AND ESOPHAGUS 
The epithelium of the esophagus became narrower as it approached 
the proventriculus and changed at the junction into the one-layered simple 
columnar epithelium found in the remainder of the digestive tract except 
in the anus. 
There was no abrupt change from one type of gland to the other. The 
mucous glands of the esophagus were found in the inner layer of the tunica 
propria while in the deeper layer the anterior extremity of the glands of 
the proventriculus was observed. 
Lymphoid tissue was found in the tunica propria of a section taken 
from a three-day-old bird. 
PROVENTRICULUS 
The proventriculus was lined by simple columnar epithelium, which 
formed the simple tubular glands of the surface between which opened the 
excretory ducts of the deeper glands. ,(Pl. XVII, fig. A-4). The tunica 
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propria, (Pl. XVII, fig. A-3) the connective tissue layer below the epithe-
lium, was thrown into small projections due to the size of the large multi-
lobular glands (Pl. XVII, fig. B-3) which were contained in the deeper 
part of it. The muscularis mucosae (Pl. XVII, fig. B-4) was observed be-
low the surface glands, in the septa between the deeper glands, and in a 
longitudinal layer almost in contact with the lamina muscularis. The sub-
mucosa (Pl. XVII, fig. A-8) was so thin as to appear absent in places. The 
lamina muscularis (Pl. XVII, fig. A-9 and 10) showed the usual outer 
longitudinal and inner circular layers. The adventitia (Pl. XVII, fig. 
A-11) appeared as a loose fascia containing few blood and lymph vessels 
and nerves. 
Elastic tissue was demonstrable in the thirty-six-hour chick and in-
creased in amount as the bird aged. It predominated in the tunica propria 
and the septa between the deep glands. Lymphoid tissue was observed in 
the tunica propria in the three oldest specimens. 
The deeper glands of the proventriculus presented two different pic-
tures. On cross section the gland tubules (Pl. XVIII, fig. A-1) showed a 
meshwork, the strands of which had a serrated appearance. On longitudinal 
section the gland tubules (Pl. XVIII, fig. A-2) showed long tubules, the 
cells (Pl. XVIII, fig. A-4) of which were arranged obliquely to the axis of 
the tubule. The distal half or more of a single cell was not in contact with 
the neighboring cell thus giving the appearance of a serrated edge. A 
spherical nucleus was situated about the central part of the cell usually 
located toward the proximal half. The tubules opened into a central collect-
ing cavity (Pl. XVII, fig. A-5) which was lined with columnar epithelium. 
These collecting cavities opened on the inner surface of the proventricules 
as mentioned above. 
The septa (Pl. XVIII, fig. A-3) surrounding the lobules contained 
white fibrous and yellow elastic connective tissue, some muscle fibers, blood 
and lymph vessels, and nerves. The surface epithelium, the epithelium 
of the collecting canals, and of the excretory ducts of the deeper glands, 
took a mucous stain in its distal third. 
JUNCTION OF PROVENTRICULUS AND GIZZARD 
The deep glands of the proventriculus ended abruptly, followed by 
an increase in the length of the tubular glands of the surface. These soon 
took on the characteristic aspect of the gizzard glands and a keratinized 
layer was observed above them. 
The white fibrous connective tissue of the tunica propria joined with 
that from the submucosa and continued into the gizzard as the submucosa. 
The layer of the muscularis mucosae above the deep glands of the 
tunica propria apparently tapered off at the point where the tunica propria 
and submucosa joined. The deep portion of the muscularis mucosae widened 
out and was continued into the gizzard with the circular muscle layer of 
the proventriculus. These two continued as separate layers for a short 
distance and then became fused into a single layer of fibers which became 
a part of the musculari intermedii of the gizzard. 
The outer longitudinal layer of the lamina muscularis ceased at the 
junction of the proventriculus and the gizzard. 
Elastic tissue was particularly dense in this region in the two-year-old 
specimen. (PL XVIII, fig. B ) . 
J 
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GIZZARD (VENTRICULUS) 
The gizzard had as its innermost lining a horny layer (Pl. XIX, fig. 
A-1) which was about three-fourths as thick as the glandular layer ad-
jacent to it. This horny layer was an exudate from the glands and con-
tained wavy lines (Pl. XIX, fig. B-2) parallel to the surface, and colonnades 
or thickenings (Pl. XIX, fig. B-3) perpendicular to the surface. The for-
mer apparently were formed by consecutive layers of the exudate and the 
latter by secretion being poured out at the same point; also, cellular debris 
was observed in this horny layer. 
The epithelium of the mucous membrane was simple columnar and 
contained crypts, at the bottom of which opened the tubular glands (Pl. 
XIX, fig. A-2) of this organ. 
The glands of the gizzard were in the tunica propria and arranged 
in groups presenting in longitudinal section the arrangement shown in 
Plate XXI, figure A-1. The gland tubules were lined with low cuboidal 
epithelium containing spherical nuclei which bulged into the lumen in 
places. (Pl. XX.I, fig. B-3). The tubes were filled with an exudate which 
took a bright red stain with keratohyalin staining. (Pl. XX, fig. B-1). 
The gland ceJls themselves contained small granules of keratohyalin. (Pl. 
XX, fig. B-3). Elastic tissue was demonstrable in the tunica propria of 
the three oldest birds. 
The muscularis mucosae was absent from the gizzard. The submueosa 
(Pl. XIX, fig. A-3) was a dense layer of white fibrous and yellow elastic 
connective tissue, the former predominating. Blood vessels, lymphatics and 
nerves were present. 
The muscular mass (Pl. XIX, fig. A-4) was comprised of a single thick 
layer of parallel fibers which extended from one aponeurosis to the other. 
Near the center of the tendinous aponeurosis (Pl. I-11) the submucosa 
came in contact with the tendinous tissue of the aponeurosis and the mus-
cular tissue was absent. 
Exterior to the muscle a thin layer of connective tissue (Pl. XIX, fig. 
A-5) containing nerves and blood and lymph vessels, was present. Elastic 
tissue was present in this layer in all birds observed. Peritoneum covered 
the whole organ. 
Lymphoid tissue was not observed in the gizzard wall in any of the 
five specimens studied. 
SECTION BETWEEN GIZZARD AND DUODENUM 
In the region bet.ween the gizzard and the duodenum, the mucous 
membrane became narrow only to widen again after it made an acute angle. 
It again made a slight turn and at this point the horny layer ceased. Just 
posterior to this there was a short section resembling the portion of the 
mammalian duodenum in which Brunner's glands are present. Lymphoid 
tissue was observed in the area between the gizzard and duodenum in 
specimens as young as three days old. 
SMALL INTESTINE 
The structure of the small intestine, duodenum included, was similar 
throughout. The inner layer of the mucous membrane was lined with 
simple columnar epithelium with many goblet cells. These were mucous 
both on the lumen and in the glands of Lieberkiihn. ,(Pl. XXIV, fig. B-4). 
282 M. LOIS CALHOUN 
The inner surface showed villi (Pl. XXVI, fig. A-10) between which the 
crypts of Lieberkiihn (Pl. XXVI, fig. A-8) opened. The villi contained 
lacteals, blood vessels, muscle fibers, and lymphoid tissue, the latter vary-
ing with the age of the chicken. In the thirty-six-hour chick there was 
much embryonic connective tissue in the tunica propria filling the villi and 
surrounding the glands of Lieberkiihn. Practically no lymphocytes were 
observed at this age but by the twentieth day they were scattered through-
out the tunica propria. The villi branched, sometimes twice. (Pl. XXII, 
fig. A). Elastic tissue was observed in the tunica propria of the three 
oldest chickens. (Pl. XXIII, fig. B-1). 
The muscularis mucosae was comprised of an outer circular and an 
inner longitudinal layer. (Pl. XXVI, fig. A-5). The latter sent fibers 
into the villi. In places the outer circular layer appeared to fuse with the 
circular layer of the lamina muscularis. (Pl. XXVI, fig. A-6). 
The submucosa was apparent only in a few places and then was only 
a very thin layer. (Pl. XXVI, fig. A-4). There were a few blood and 
lymph vessels and nerves in addition to the connective tissue. 
The lamina muscularis was made up of an inner circular (Pl. XXVI, 
fig. A-3) and an outer longitudinal (Pl. XXVI, fig. A-2) muscle layer with 
a connective tissue layer on each side, which contained plexuses of nerves, 
and blood and lymph vessels. 
The subserous layer (Pl. XXVI, fig. A-1) was very thin, consisting 
of both white fibrous and yellow elastic fibers. (Pl. XXIII, figs. A and B). 
Blood vessels, lymph vessels and nerves were contained in its meshes. It 
was limited outside by the peritoneum. 
Diffuse lymphoid infiltration of the tunica propria and a few small lymph 
nodules were observed in the five-month-old specimen, and in the two-year-
old bird the nodules were so numerous at one place in the small intestine 
as to appear almost like Peyer's patches. (Pl. XXII, fig. B-5). A nodule 
was observed in the circular muscle layer of intestine in the one-and-one-
half-year-old specimen. 
At a point near the end of the duodenum the pancreatic and bile ducts 
entered. (Pl. XXV, fig. A-2). There was an elevation in the mucous mem-
brane of the duodenum at this point. · 
The villi of the duodenum were the longest in all cases. With the ex-
ception of the thirty-six-hour chick the diameter of the small intestine 
diminished from the duodenum to the rectum. In the thirty-six-hour chick 
the diameter of the duodenum was not so large as the anterior half of the 
small intestine. In this portion the villi were wider and shorter, even ap-
pearing leaf-like in some places. Toward the posterior portion the villi 
increased in length again but the tube decreased in diameter becoming even 
smaller than the duodenum. 
A circular sphincter muscle was observed at the entrance of the small 
intestine into the rectum. (Pl. XXVI, fig. B-3). 
CAECA 
The muscular coats of the caeca were continuous with those from the 
small intestine and rectum. The general structure of the caeca may be 
briefly summarized at this point. The structure of the different portions 
will be discussed later. A mucous membrane lined with columnar epithe-
lium (Pl. XXVII, fig. A-1) containing goblet cells; villi in varying lengths 
depending on the region (Pl. XXIX, fig. B-3 and Pl. XXVII, fig. A-2); a 
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muscularis mucosae (PL XXVII, fig. A-4) absent in places; a submucosa 
(PL XXVII, fig. A-5) of white fibrous and yellow elastic tissue containing 
nerves, and blood vP-ssels and lymph plexuses; a lamina muscularis (PL 
XXVII, fig. A-6 and 7) varying in thickness and arrangement, and a serosa 
(PL XXVII, fig. A-8) rich in nervous elements. 
The caeca presented three different pictures depending on whether the 
proximal, middle, or distal portion was being considered. In Plate XXIX, 
figure B-3, even the proximal portion presented two slightly different views, 
because of a difference in contraction. 
In this portion were prominent villi. They had a structure similar 
to those of the small intestine. The muscularis mucosae and submucosa 
were both thin layers and crowded close to the base of the villi. The 
lamina muscularis was marked by a thick inner circular layer and a thin 
outer longitudinal layer. No lymphoid tissue was observed in the section 
of a thirty-six-hour chick. In a section similarly cut, from a caecum of 
the twenty-day-old chick, one small area of lymphoid tissue was seen. In 
a caecum of a five-month-old specimen cut at the same proximal level, the 
tunica propria was a mass of lymphoid tissue with several nodules. A 
longitudinal section from the one-and-one-half-year-old specimen showed 
an extensive area just anterior to the origin of the caeca which was com-
pletely infiltrated with lymphoid tissue (Pl. XXVIII, fig. A-4) and con-
tained numerous nodules (PL XXVIII, fig. A-5). 
In tbe mid-portion, the villi were shorter and broader. (PL XXVII, 
fig. A-2 and fig. B-2). Here again the constriction of the wall resulted in 
a slightly different picture. In a constricted part of the mid-portion the 
villi were longer, the muscle thicker, and the whole circumference smaller 
than in a dilated portion at the corresponding level. Plica circulares were 
present at this level. 
The muscularis mucosae contained a distinct inner circular and an 
outer longitudinal layer in the thirty-six-hour specimen. No other showed 
this arrangement definitely. Lymphoid tissue became present with ad-
vanced age. 
Near the blind end of the caeca of the thirty-six-hour chick the inner 
circular and outer longitudinal muscular layers were nearly the same 
width. True villi were not present. Many eosinophils were present in 
the tunica propria. The muscularis mucosae was absent in places. Goblet 
cells were present in the epithelium. No lymphoid tissue was present. 
In the distal portion of the caeca of a twenty-day chick the inner 
circular muscle had increased to about three times the width of the longi-
tudinal muscle. The surface of the mucous membrane approached a villi-
like arrangement between the plica circulares. On the plica themselves 
the villi appeared as blunt projections. Eosinophils were numerous in the 
tunica propria. The muscularis mucosae comprised an inner circular and 
an outer longitudinal layer. It was present at all points. Goblet cells were 
observed in the epithelium. Much diffuse lymphoid tissue was present. 
The blind end of the caeca of the five-month specimen was like the above 
with many lymph nodules in addition. The one-and-one-half and two-year-
old specimens showed the same structure as the five-month specimen. 
RECTUM 
The rectum (Pl. XXIX, :fig. A) as a whole resembled the small in-
testine. Villi were present in all specimens. Scattered lymphocytes were 
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observed in the tunica propria of the thirty-six-hour and twenty-day-old 
chicks, and lymph nodules in the older specimens. 
CLOACA 
The cloaca was separated from the rectum by a slight constriction 
(Pl. XXX, fig. B-5) of the circular muscle forming a somewhat circular 
orifice. It was not visible from the exterior of the rectum. The cloaca was 
divided into three parts (Pl. XXX, fig. B), coprodaeum (2); urodaeum 
(3); and proctodaeum (4), by transverse folds. The dorsal fold (Pl. XXX, 
fig. A-2). The ureters and genital tracts opened on the floor of the 
to the bursa which was in the dorsal wall of the proctodaeum (Pl. XXX, 
fig. A-2). The ureters and genital tracts opened on the floor of the 
urodaeum. 
All three parts had a similar structure. Villi were present. They were 
finger-like in the coprodaeum, but became more leaf-like and decreased in 
height in the urodaeum and proctodaeum. 
The cloaca was lined with columnar epithelium which extended as far 
as the anus. There were plica circulares present in addition to the folds 
between the compartments. Lymphoid elements in the tunica propria and 
elastic tissue throughout the wall increased with the age of the specimen. 
ANUS 
The anal opening (Pl. XXXI, fig. A-9) was lined with stratified squa-
mous epithelium. The tunica propria at this point contained many papillae. 
After turning on the inside of the lip the epithelium became thinner, papil-
lae of the tunica propria were absent, and by the time it reached the fold 
it had become the columnar epithelium of the proctodaeum. .(Pl. XXXI, 
fig. B-4). 
The muscularis mucosae was absent in the anus, and the tunica propria 
and submucosa were fused into a thin, loosely arranged connective tissue 
layer. (Pl. XXXI, fig. B-2). 
Just anterior to the bursa cloacae a voluntary muscle began. It ex-
tended as a circular muscle to a point in the wall of the proctodaeum just 
above the ventral lip of the anus. (Pl. XXXI, fig. A-4). Here the inside 
portion of the circular layer began to arrange itself in a longitudinal di-
rection. The two portions were continued thus for a short distance. By 
the time the lamina had reached the furthermost point of the dorsal lip 
of the anus its few fibers were all arranged longitudinally. (Pl. XXXI, 
fig. A-5). 
The muscular arrangement of the ventral lip was a little different. 
The fibers were circular as above, then a few fibers of the inside portion 
changed to a longitudinal direction (Pl. XXXI, fig. A-6) only to change 
back to a circular arrangement at the extremity of the ventral lip. (Pl. 
XXXI, fig. A-8). 
LIVER 
The livers of the five specimens presented one variation,-the fat spaces 
in the liver cells of the baby chicks. This variation will be discussed later. 
The liver of the chicken differed little from that of the mammal. The inter-
lobular septa were probably less apparent than those of the domesticated 
animals. The portal canal (Pl. XXXII, fig. B) contained the portal vein 
(1), lymph vessel ( 4), hepatic artery (3), and bile ducts (2). The inter-
lobular veins were not prominent. 
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The central veins (Pl. XXXII, fig. A-1) were distinguished by the 
prominent sinusoids which entered them. They were lined with a thin 
endothelial membrane. (Pl. XXXII, fig. A-2). The sinusoids were also 
lined with endothelial cells. The Kupffer cells were definitely marked. 
The liver epithelium was arranged in a tubule of four to six cells about 
an intralobular bile capillary. The tubules were well marked. The liver 
cell was a pyramidal cell with its apex bordering the lumen of the tubule. 
A large spherical nucleus was in the distal half of the cell. 
Elastic tissue was confined to the wall~ of the blood vessels, to the con-
nective tissue septa surrounding them, and to the capsule of Glisson sur-
rounding the liver. White fibrous tissue was distributed similarly. 
The cords of liver cells (Pl. XXXII, fig. A-3) were supported by a 
meshwork of reticular tissue. (Pl. XXXIII, fig. A-2). 
In the work on the livers of baby chicks a change in the color was ob-
served at about the :fifteenth day. Microscopically a slight decrease in the 
amount of fat was observed by the twelfth day (Pl. XXXIV, fig. B). By 
the fifteenth day a considerable decrease was noticeable in the amount of 
fat (PL XXXIV, fig. C) and it continued to decrease until on the twenty-
first day (PL XXXIV, fig. E) the fat globules were confined to a small 
area about the central veins. This condition persisted until about the 
twenty-fifth day. After this time occasional fat droplets were found 
scattered throughout the liver. The oldest specimen observed was forty-
five days old. The adult hematoxylin-eosin-stained specimens showed an 
occasional vacuole in the liver cells which may have been fat. There were 
indications that the type of feed and the relation of time of feeding to 
time of slaughter would change this picture. This phase was considered 
beyond the scope of this study. 
BILE DUCT 
The wall of the bile duct consisted of the following layers : an outer 
connective tissue serosa; a lamina muscularis with an outer longitudinal 
(incomplete) and inner circular layer ; a thin submucosa containing blood 
vessels, lymph vessels and nerves ; an incomplete muscularis mucosae, some-
times with both circular and longitudinal layers present, other times only 
a circular; and a tunica propria extending into villi lined with cylindrical 
epithelium. (PL XXXV, fig. A). 
GALL BLADDER 
The gall bladder had a thick vascular serosa on the outside. Between 
the serosa and the mucous membrane there was a thin layer of muscle 
extending longitudinally. The mucous membrane was a loose connective 
tissue layer thrown into villi-like folds lined with columnar epithelium. 
PANCREAS 
The pancreas was a lobulated tubulo-acinar gland, the interlobular 
septa being very indistinct. The structure of the pancreas consisted of 
many acini (Pl. XXXVI, fig. A-1 and fig. B-1) which emptied into small 
collecting ducts lined with flattened epithelium. These ducts in turn 
emptied into larger ones lined by cuboidal epithelium (Pl. XXXVI, fig. 
A-3) and so on until the large collecting ducts (Pl. XXXV, fig. B) with 
columnar epithelium were reached. 
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The acinar cells of the pancreas were low columnar and wider at their 
base than near the lumen. They had a granular cytoplasm, denser near 
the lumen. The granules were probably similar to the zymogen granules 
of the mammalian pancreas although the eosin staining was more uniform 
throughout the cell. The spherical nucleus was in the basal half of the 
cell. Centro-acinar cells were demonstrable. 
Islets of Langerhans (Pl. XXXVI, fig. A-2) similar to those of the 
mammalian pancreas were observed. They were lighter staining cellular 
structures distributed throughout the pancreatic tissue. The islet tissue 
was not separated from the rest of the pancreas by a connective tissue layer. 
There were small amounts of reticular tissue present in the islets. Elastic 
and fibrous tissue was confined to the blood vessels and ducts and vicinity, 
and to the peritoneal covering. Plate XXXVI, figure B shows reticular 
tissue in the pancreas. 
PANCREATIO DUCT 
The structure of the pancreatic duct was identical to that of the bile 
duct. Its wall was slightly thicker. (Pl. XXXV, fig. B). 
BURSA CLOACA 
The wall of the bursa cloacae consisted of a thin serosa comprised chief-
ly of white fibrous connective tissue, an outer circular and an inner longitu-
dinal involuntary muscle layer, and a mucosa thrown into longitudinal 
folds with a structure characteristic of this organ alone. 
Some of the muscle fibers joined with white fibrous connective tissue 
and some with elastic fibers to form a trabecula (Pl. XXXVII, fig. A-1) 
which extended the length of the fold and sent septa in between the lymph 
follicles (Pl. XXXVII, fig. A-2). This trabecula was rich in blood vessels. 
There were many follicles in a fold. The follicle was a dense lympho-
cytic structure which was divided into a cortical (Pl. XXXVII, fig. B-4) 
and a medullary (Pl. XXXVII, fig. B-3) portion, the latter being less 
dense, comparable to the germ center of a lymph node. This medullary 
portion was in contact with the columnar epithelial lining. This epithelium 
was pseudostratified columnar on and near the tips of the folds. In be-
tween the folds it appeared as simple tall columnar, although there were 
areas in which it appeared cuboidal. Goblet cells were present. The 
medullary portion extended out through the cortical portion to join with 
an indipping in the epithelium (Pl. XXXVII, fig. B-2). The cortical 
portion was set off from the medullary portion by a reticular network (Pl. 
XXXVIII, fig. A-3) and by a row of cells which appeared similar to a 
columnar epithelium in places. No blood vessels were observed in the 
medullary portion but were present in the cortical part. 
YOLK SAC 
The wall of the yolk sac consisted of a fibrous connective tissue layer 
(Pl. XXXIX, fig. B-4) upon which were located many longitudinal folds 
of columnar epithelium containing many vacuoles. (Pl. XXXIX, fig. B-2) . 
The whole was surrotmded by a serous membrane. (Pl. XXXIX, fig. B-5 ) . 
YOLK STALK 
The wall of the yolk stalk was similar to that of the intestine with 
which it was continuous. A lamina muscularis, comprised of an outer and 
an inner circular muscle (Pl. XXXIX, fig. A-2), and a longitudinal mus-
cularis mucosae with both longitudinal and circular fibers (Pl. XXXIX, 
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fig. A-4) made up its muscle. The submucosa was thin. (Pl. XXXIX, 
fig. A-3). The tunica propria (Pl. XXXIX, fig. A-5) was a dense con-
nective tissue layer arranged in villi-like projections which were lined with 
a simple columnar epithelium. (Pl. XXXIX, fig. A-6). Few goblet cells 
were observed. 
In the thirty-six-hour chick no lymphoid tissue was observed but in 
the one-and-one-half-year-old specimen it resembled the proximal part of 
the caeca, the lymphoid tissue was so large in amount. 
Another section taken from a laboratory dissector 0£ unknown age 
(adult) showed a wall 0£ £our layers; the inner, a columnar epithelial layer 
(no £olds or crypts); the second, a lymphoid layer which had obliterated 
the tunica propria; the third, a thick circular muscle layer, and the outer, 
the serosa. 
DISCUSSION 
According to Krause (1922) there are £our layers in the beak but the 
author observed only three. The corium consisted 0£ one layer and was 
not divided into two as Krause described it. 
No evidence of teeth was found, thus agreeing with previous authors. 
A hard palate was present but no soft palate was observed. This was 
in agreement with Heidrich ( 1905) and Ward and Gallagher ( 1927). 
There was no microscopic line 0£ demarcation between the mouth and 
pharynx but the last row of papillae .on the hard palate and those at the 
base of the tongue seemed to divide these two cavities. l£ one considers 
these as boundaries then it may be stated that there is an exact line of de-
marcation between the niouth and the pharynx. Grossman (1927), Heidrich 
( 1905), and Bradley ( 1915), used these as convenient marks for separating 
the two. The author agrees with Heidrich that the muscularis mucosae 
began in the posterior part of the pharynx but cannot agree with him on 
the musculature of the pharynx. Heidrich (1905) stated that the pharynx 
had no muscle. A thick muscle inserted itself obliquely in the wall of the 
pharynx. 
Taste corpuscles were observed only in the beak. Krause (1922) found 
them in both the beak and the tongue. 
A tonsil as such is not regarded as a structure belonging to the chicken. 
There was present only a lymphocytic infiltration of the tunica propria 
with some lymph nodules present. This was observed only in adult birds 
and was particularly prominent in the region 0£ the aditus laryngis. 
Killian ( 1888) described a tonsil in the region of the Eustachian tubes. 
Schauder's (1923) classification of the salivary glands was followed. 
The structure of these glands was found to be similar, in agreement with 
Kovacs ( 1928). Heidrich ( 1905) found basket cells, while Holting ( 1912) 
did not. The author did not definitely determine whether basket cells were 
present or not. Heidrich studied also the changes taking place in the gland 
in the physiologic state, but this was not considered in this paper. 
In agreement with Barthels ( 1895), Batt ( 1925), Bradley ( 1915), 
Browne ( 1922-23), Heidrich ( 1905), Kaupp ( 1918), and Kovacs ( 1928), 
the outer layer of the lamina muscularis of the entire digestive tract (except 
the gizzard) was longitudinal. 
The esophageal tonsil of Kovacs ( 1928), Zietschmann ( 1911), and 
Schauder ( 1923), was not observed. There are four layers in the wall of 
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the esophagus as Batt (1925), Grossman (1927), and Marschall (1895), 
have agreed. The detachment of the surface layers of the mucosa, as ob-
served by Barthels ( 1895) , was also observed by the writer. 
The author found that the crop had the same general structure as the 
esophagus. In agreement with Barthels ( 1895) no glands were found in 
the diverticulum of the crop but were confined to the esophageal wall. 
The glands of the proventriculus were multilobular. Schreiner (1900) 
and Zietschmann (1911) also described them as multilobular. No evidence 
was found that would lead one to say that there was a variation in size of 
the glands in different regions of the proventriculus. Wilezewski (1870) 
thought they were larger at the esophageal end and smaller toward the 
gizzard, and Marschall (1895) found them to be small in size at both ex-
tremities. There was some variation in the size of the lobules but this may 
have been because of the way they were cut. It is doubtful if one should 
try to compare the glands of either the proventriculus or the gizzard to 
regions in mammalian stomachs, as did many authors, because the variation 
is too great." 
There were reasons to support Bradley's ( 1915) and Zietschmann 's 
,(1911) idea that the deep glands were beneath the muscularis mucosae and 
that the lamina muscularis had three layers, because of the fact that there 
was much connective tissue about the glands. This could easily be taken 
for the submucosa as there was such a thin layer of connective tissue be-
tween the two inside muscle layers. However, there were fibers from the 
inner longitudinal layer which coursed in between the glands, hence, the 
inner longitudinal muscle layer was considered the muscularis mucosae. 
This is in agreement with Batt (1925). 
The section of the gut between the proventriculus and gizzard was 
characterized by the lack of deep prop rial glands as Schauder ( 1923), 
Zietschmann (1908), Kovacs (1928), Hasse (1866), and Cazin (1886b) 
described. The tubular or superficial proprial glands were also longer as 
Cazin ( 1886a) stated. 
There was little disagreement on the structure of the mucous membrane 
of the gizzard and the findings in this study agreed with those of previous 
authors. However, elastic tissue was not confined to an area beneath the 
gland region alone as Zietschmann ( 1911) said, but was also found in the 
tunica propria of adult specimens and in the subserous layer. The thin 
outer longitudinal muscle which Batt ( 1925) described was not observed 
in any specimens studied. 
Neither the fold described by Marschall (1895) and Kaupp (1918), 
nor the valve mentioned by Otte (1928), was observed between tlie gizzard 
and the duodenum. 
A thin submucosa was found in the small intestine. This finding 
was in contrast to Cloetta's (1893) idea that the submucosa was absent and 
that the blood and lymph vessels were in the tunica propria. The outer 
layer of the muscularis mucosae was so intimately associated with the circu-
lar layer of the lamina muscularis that the submucosa was not discernible 
in places. 
The two bile and three pancreatic ducts entered through a papilla as 
described by Gadow (1879). 
There was evidence that the structure of the villi changed with age 
in accordance with Bujard's (1906) observations, because the villi of the 
thirty-six-hour chick had a somewhat different aspect than that of all the 
other specimens studied. The villi were leaf-like in some parts of the small 
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intestine at this age. No observations were made on the geometric regu-
larity of the villi described by Clara ( 1927b). 
The position of goblet cells in birds of different ages as Cloetta (1893) 
described, was not studied, nor was any consideration given to the cells of 
Paneth. Greschik (1922) and Clara (1926b and 1927a), found them, while 
Cloetta doubted their · presence. 
The writer agrees with Retterer and Lelievre (1910a) that areas were 
present which had the appearance of Payer's patches but that no true 
Peyer's patches, as described by Otte (1928), were present. 
Sufficient observations were not made to prove that lymph nodules 
were more abundant in one region of the intestine than another, only that 
they were observed in all sections from adult specimens studied. Batt 
(1925) found more lymph nodules in the duodenum than in the remainder 
of the small intestine. 
The author agrees with Cloetta (1893) and Otte (1928) that the duo-
denum had the widest lumen of the small intestine, except in the thirty-six-
hour chick, in which the small intestine just beyond the duodenum was 
wider. 
An iliac sphincter as described by Zietschmann (1911) was observed. 
Much lymphoid tissue was found in the mucosa of the caeca of all 
birds studied except in the thirty-six-hour chicks; and as Looper and Looper 
(1929) described, there were many lymph nodules. The lymphoid area 
was observed in the proximal portion of the caeca as described by several 
authors. [Bradley (1915), Kaupp (1918), Oppel (1897), and Zietschmann 
(1911)]. 
Observation did not bear out the :findings of Batt (1925) that the 
muscularis mucosae was well developed, but agreed with Looper and Looper 
( 1929), that it was absent in many places. 
The blind ends of the caeca presented such a varied structure in dif-
ferent specimens that one can agree with either Browne (1922-23) and 
Zietschmann ( 1911), that the villi were short or absent; or with Batt 
(1925), that the mucous membrane was thrown into folds having the ap-
pearance of villi. 
No particular attention was given to the goblet cells except that they 
were present. Zietschmann (1911) stated that they were lacking where 
lymphoid tissue was plentiful. 
Observations bore out the statement of Looper and Looper (1929) that 
lymphoid tissue infiltrated the caeca with increasing age. 
The rectum was similar in structure to the small intestine. The find-
ings agreed with those of Greschik (1912) that the villi were the same 
height as those of the small intestine; that lymphoid tissue was present; 
and that the submucosa was weakly developed and in places not discernible. 
The rectum was separated from the cloaca by a constriction in the 
circular muscle which might be termed a sphincter according to Biitschli 
.(1924), or a valvular circular orifice, according to Otte (1928), and Owen 
(1866). 
The cloaca was divided into three compartments. Ward and Gallagher 
(1927), Thomson (1923), Gadow (1891a), Biitschli (1924), Schauder 
( 1923), and Bradley ( 1915), found the same. 
The writer agreed with Marschall (1895) that the anal opening was a 
horizontal slit. 
This study agreed with previous studies of Krause (1922) and Batt 
(1926), in that the chicken liver is similar to the mammalian liver. Portal 
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systems and central veins were observed. Batt (1928) described central 
veins but Zietschmann (1911) stated that they were lacking. Elastic fibers 
were found in the capsule of Glisson in addition to the vessel walls as 
Zietschmann observed them, and a reticulum was observed but not ''scant'' 
as Batt (1926) stated. Observations made on the color of the liver did not 
agree with those of Doyle and :Mathews (1928) who stated that the liver 
changed from a yellow color to a moroon color at the age of one week to 
ten days. This change was found to take place at approximately fifteen 
days of age. 
In specimens of gall bladder observed, no outer longitudinal muscle 
layer was seen in the wall, as Zietschmann ( 1911) stated, since only one, 
a circular layer, was present. 
Studies on the pancreas substantiated Clara's (1923-24) work in that 
the pancreas had three lobe&, dorsal, ventral and splenic; and that the 
splenic lobe had no separate excretory duct. The ''pseudo-islet'' of Clara 
was not observed. The writer agreed with Bohm (1904) that the islets of 
Langerhans were not set off from the surrounding tissue by connective 
tissue. Centro-acinar cells were found, in agreement with Krause (1922) 
and Zietschmann ( 1911). 
The pancreatic ducts were similar to the bile ducts as Zietschmann 
( 1911) stated. 
Observations made on the remnant of the yolk stalk indicated that it 
is constantly present as Muthmann (1913) and Latimer (1924) thought. 
It is a continuation of the intestine, and becomes degenerated with age as 
Maumus (1902) observed. 
The writer found a thin serosa in the bursa cloacae as did Osawa 
(1911). Involuntary muscle was present in its walls as Jolly (1915) and 
Gadow (1891a) observed. This muscle presented an outer circular and 
inner longitudinal arrangement as Osawa (1911) found. Retterer (1885) 
found the opposite. No blood vessels were observed in the medullary por-
tion. Schumacher (1903) and Wenkebach (1889 and 1896) also made this 
observation. Schumacher's (1903) observations that the epithelium varied 
from cuboidal, to tall columnar, to pseudostratified types, were verified. 
Goblet cells were present. Gadow (1891a) found them but Wenkebach 
( 1889) did not. 
A valve was present over the opening into the bursa cloacae. Forbes 
( 1877) could not find one while Retterer ( 1885) observed one in U ria troile. 
SUMMARY 
A microscopic study of the digestive tract with its appendages was 
made on chickens of different ages. 
The general structure of the wall was as follows: a mucous membrane 
comprised of an inner epithelial lining, a tunica propria and a muscularis 
mucosae ; a thin submucosa ; a lamina muscularis with an inner circular 
muscle layer and an outer longitudinal muscle layer; and an outer ad-
ventitia or serosa depending on the location of the organ. 
The epithelium of the mouth contained many epithelial papillae which 
projected posteriorly. The muscularis mucosae was absent as far back as 
the caudal part of the pharynx. Uniformly constructed salivary glands 
were observed in groups in the submucosa. 
Large mucous glands were present in the tunica propria of the esopha-
gus. No glands were found in the diverticulum of the crop but were con-
fined to the esophageal wall of that organ. 
ANATOMY OF THE DIGESTIVE TRACT OF GALLUS DOMESTICUS 291 
The stratified squamous epithelium of the esophagus changed into 
simple columnar epithelium at the junction with the proventriculus and 
continued as such as far as the anus. 
The proventriculus contained simple tubular-formed superficial pro-
prial glands and multilobular deep proprial glands. 
Between the proventriculus and the gizzard was an intermediary zone 
characterized by the disappearance of the deep proprial glands and a 
lengthening of the superficial glands with the appearance of a keratinized 
inner layer. 
The gizzard was characterized by a keratinized inner layer. Tubular 
glands, which emptied on the surface, were arranged in groups in the 
tunica propria. The lamina muscularis was a single layer of involuntary 
muscle. 
The intestine from the gizzard to the anus, including the caeca, was 
characterized by villi. No Brunner's glands were present in the duodenum. 
No Peyer's patches were found. 
The caeca contained many plica circulares. The villi were low to ab-
sent in the blind end. 
The cloaca contained many transverse folds and plica circulares in 
its walls. 
The anus was lined with stratified squamous epithelium, and contained 
voluntary muscle in its walls. 
The liver and the pancreas were similar in structure to those of mam-
mals. The two pancreatic and the three bile ducts opened into the duodenal 
papilla. 
The bursa cloacae was an organ of lymphoid-epithelial structure found 
only in chickens under one year of age. 
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PLATE I 
Entire digestive tract of a baby chick. 
The duodenum was separated from the pancreas and the loop opened. 
The pancreas and liver were joiTied to the intestine by the ducts. 
1. Beak 13. Pancreas 
2. Tongue 
3. Mouth 






16. Jejunum and ileum 
17. Yolk sac 
18. Yolk stalk 
19. Caeca 
8. Ventriculus or gizzard 
9. Mm. laterales 
20. Junction of caeca and small intestine 
21. Rectum 
10. Mm. intermedii 22. Cloaca 
11. Tendinous aponeurosis 
12. Duodenum 
23. Bursa cloacae 
24. Anus 
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PLATE II 
Mouth parts of the chicken. 
1. Opening of the maxillary gland 
2. Openings of the lateral palatine gland · 
3. Openings o.f the medial palatine gland 
4. Nasal opening 
5. Papillae separating mouth from pharynx 
6. Pharynx 
7. Openings of the sphenopte1·ygoid gland 
8. Opening of the Eustachian tubes 
9. Pharyngeal papillae 
10. Aditus esophagus with mucous gland opening on its surface 
11. Esophagus 
12. Tongue 
13. Lingual papillae 
14. Openi11gs of the posterior lingual gland 
15. Openings from the three parts of the posterior submaxillary gland 
16. Aditus laryngis 
17. Openings of the cricoarytenoid gland 
18. Laryngeal papillae 
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Plate II 
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PLATE III 





5. Gall bladder 
6. Ductus cysticus 
7. Ductus hepaticus 
8. Pancreatic ducts from the dorsal pancreas 
9. Pancreatic ducts from the ventral pancreas 
10. Ventral lobe of the pancreas 
11. Dorsal lobe of the pancreas 
12. Splenic lobe of the pancreas 
13. Esophagus 
14. Vena cava 
15. Duodenum 
16. Small intestine 
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PLATE IV 












200 x. 45 days. 
Fig. B. Lower beak, lo1igitudinal section. Hematoxylin·eosin. 200 x. 45 days. 
1. Epidermis 
2. Stratum corneum 
3. Stratum lucidum 
4. Stratum granulosum 
5. Stratum germinativum 
6. Co1'ium 




11. Tunica propria 
12. Epithelium of mouth 
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Plate IV 
312 .?;I. LOIS CALHOUN 
PLATE V 
Fig. A. Anterior portion of the hard palate. 
1. Epithelium 4. Fat 
2. Tunica propria 5. Excretory duct · 
3. Submucosa 6. Maxillary salivary gland 
Fig. B. Mid·portiou of the hard palate. 
1. Epithelium 4. Fat 
2. Tunica propria 5. Medial palatine salivary ·gland 
3. Submucosa 6. Papilla of hard palate 
Fig. C. Reg.ion adjacent to the •nares . . l 
1. Epithelium 4. Nasal mucous membrane -
~\;(j 
.. 
2. Tunica propria 5. Medial ·palatine salivary gland 
3, Submucosa 6. Papilla •Ori hard --palate .. 
Plates V-VII i·epresent a. longitudinal section th'rough · the roof of,:the . mouth.· and 
pharynx. The figures are a series from a section extending from the- beak 'to· the es"oph-
agus. Hematoxylin-eosin. 50 x. 2 weeks. _ 
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Plate V 
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PLATE VI 
Fig. A. A longitudinal section through the mucosa lining the nares. 
1. Epithelium 
2. Tunica propria . 
3. Papillae separating the roof of the mouth from the pharynx 
Fig. B. Anterior portion of the pharynx 
1. Epithelium 
2. Tunica p1·opria 
3. Submucosa 
Fig. C. Mid-portion of the pharynx. 
1. Epithelium 
2. Tunica propria 
3. Muscle arranged obliquely to the 
roof of the pharynx 
4. Epithelium of nasal cavity 
5. Medial palatine gland 
6. Papillae of the roof of the pharynx 
4. Medial palatine gland 
5. Sphenopterygoid salivary gland 
6. Papillae of the roof of the pharynx 
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Plate VI 
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PLATE VII 
Fig. A. Rcg·ion from pharynx to esophagus. 
1. Epithelium 
2. Tunica propria 
3. Muscularis rnucosae 
4. Submucosa 
5. Beginning lamina rnuscularis 
6. Adventitia 
7. Sphenopterygoid salivary gland 
8. Papilla separating the pharynx from the esophagus 
Fig. B. Esophagus. 
1. Epithelium 
2. Tunica propria with mucous glands 
3. Muscularis mucosae 
4. Submucosa 
5. Circular layer of lamina muscularis 
6, Longitudinal layer of lamina muscularis 
1. Adventitia 
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PLATE VIII 
Fig. A. Cross section of tongue near tip. Hematoxylin·eosin. 50 x. Baby chick. 
1. Epithelium of dorsal surface 
2. Tunica propria 
3. Anterior lingual salivary glands 
4. Cartilage ( entoglossal bone) 
5. Muscle 
6. Epithelium of ventral surface showing cornification 
Fig. B. Cross section of tongue, mid portion. Hematoxylin-eosin. 50 x. one and 
one-half years. 
1. Epithelium of dorsal surface 
2. Tunica prop1·ia 
3. Anterior lingual salivary glands 
4. Entoglossal bone 
5. Muscle 
6. Epithelium-of ventral surface 
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PLATE IX 
Fig. A. Base of tongue. Hcmatoxylin-eosin. 25 x. Baby chick. 
1. Epithelium 
2. Papillae 
3. Tunica propria 
4. Submucosa 
5. Cartilage (basihyal bone) 
6. Cartilage (entoglossal bone) 
7. Muscle 
8. Lingnal glands 
Fig. B. Cross section o.f Aditus laryngis. Hematixylin-eosin. 50 x. 
one and one-half years. 
1. Epithelium 
2. Lymphoid tissue in tunica propria 
3. Lymphoid nodule 
4. Submucosa 
5. Cricoarytcnoid gland 
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Plate IX 
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PLATE X 
Fig. A. Posterior lingual salivary gland (without lymphoid tissue). Hematoxylin-eosin. 
200 x. 20 rlays. 
1. Duct with secretion pouring out 
2. Epithelium of floor of pharynx 
3. Central collecting cavity 
4. Simple tubular gland 
5. Gland capsule 
Fig. B. Sphenopterygoid saliva1·y gland. Hematoxylin-eosin. 200 x. 20 days. 
1. Excretory duct 
2. Epithelium of i·oof of pharynx 
3. Tunica propria 
4. Submucosa 
5. - Cross section of a gland tubule 
6. Gland capsule 
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Plate X 
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PLATE XI 
Fig. A. Sphenopterygoid saliva1·y gland with lymphoid tissue. Hematoxylin-eosin. 
200 x. 2 years. 
1. Epithelium of phal'ynx 
2. Tunica propria 
3. Submucosa 
4. Gland showing infiltration with lymphoid tissue 
5. Glandular area with cell outlines absent 
Fig. B. Posterior submaxillary salivary gland stained for mucin. 200 x. 5 months. 
1. Submucosa 
2. Posterior submaxillary salivary gland 
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Plate XI 
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PLATE XII 
Fig. A. Maxillary salivary gland. Cross section from anterior portion of roof of mouth. 
Hematoxylin-eosin. 50 x. 5 days. 
1. Papilla of roof of mouth· 
2. Epithelium 
3. Tunica propria 
4. Muscle 
5. Submucosa 
6. Gland tissue 
Fig. B. Lobule of subrnaxillary salivary gland. Mucous stain. 50 x. 2 years . 
.1. Epithelium of roof of mouth 
2. Excretory duct 
3. Tunica propria 
4. Submucosa 
5. Gland tissue showing diffe1·ent densities of mucin 
6. Lymphoid tissue 
~· Gland capsule 
-. 
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Plate XII 
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PLATE XIII 
Fig. A. Esophagus (near crop) c1·oss section. Hematoxylin-eosin. 50 x. 20 days. 
1. Epithelium 
2. Tunica propria 
3. Mucous glands 
4. Muscularis mucosae 
5. Submucosa 
6. Iuner circular layer of the lamina muscularis 
7. Outer longitudinal layer of the lamina rnuscularis 
8. Adventitia 
l!'ig. B. Esophagus (same as above). Hematoxylin-eosin. 200 x. 30 days. 
1. Epithelium 
2. Tunica propria 
3. Mucous glands 
4. Muscularis mucosae 
5. Submucosa 
6. Blood vessel 
7. Circular layer of lamina muscularis 
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PLATE XIV 
Fig. A. Esophagus showing leucocytic infilti·ation of the glands. Midportion, cross 
section. Hematoxylin-eosin. 50 x. One and one-half years. 
· 1. Epithelium 
2. Tunica propria 
3. Muscularis mucosae 
4. Mucous gland with lymphoid tissue 
5. Submucosa 
6. Circular muscle layer of lamina muscularis. 
'Fig. B. Mucous gland opening into lumen of esophagus. Hematoxylin·eosin. 200 x. 
One- and one-half years. 
1. Epithelium 
2. Tunica propria 
3. Excretory duct • 
4. Gland with lymphoid tissue 
5. Collecting cavity 
6. Gland tubules 
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PLATE XV 
Fig. A. Elastic tissue (fine black lines) in the tunica propria of the esophagus. Weig-
ert 's. 200 x. 20 days. 
1. Epithelium 
2. Tunica propria 
3. Muscularis mucosae 
Fig. B. Elastic tissue in the sub-mucosa of the esophagus. (Black in photograph). 
Weigert 's. 200 x. 20 days. 
1. Mucous gland 
2. Muscularis mucosae 
3. Submucosa (elastic tissue intense black) 
4. Circu~ar layer of lamina muscularis 
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PLATE XVI 
Fig. A. Crop (diverti~ttlum), cross section. Hematoxylin-eosin. 200 x. 36 hours . . 
1. Epithelium 
2. Tunica propria 
3. Muscularis mucosae 
4. Submucosa 
5. Circular layer of the lamina muscularis 
6. Longitudinal layer of the lamina muscularis 
7. Adv.entitia 
Fig. B. Crop (esophageal wall), cross section. Hematoxylin-eosin. 50 x. 20 days. 
1. Epitheliuin 
2. Tunica propria 
3. ·Mucous glands 
4. Muscularis mucosae 
5. Submucosa . 
6. Circular layer of the lamina muscularis 
7. Longitudinal layer of the lamina muscularis 
8. Adventitia (with many blood vessels) 
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PLATE XVII 
Fig. A. Proventriculus showing opening of deep gland on the surface. (Organ inflated 
before fixation). Cross section. Hematoxylin-eosin. 50 x. Age unknown 
(adult). 
1. Epithelium 
2. Tubular glands of the surface 
3. <Tunica propria 
4. Opening of a deep gland on the surface 
5. Collecting cavity 
6. Gland lobule 
7. Muscularis mucosae 
8. .Junction of muscularis mucosae and lamina muscularis (submucosa) 
9. Circular layer of lamina muscularis 
10. L<mgitudinal layer of lamina muscularis 
11. Adventitia 
Fig. B. Proventriculus (not inflated). Crnss section. Hematoxylin-eosin. 50 x. 36 
hours. 
1. Surface tubular glands lined with columnar epithelium 
2. Tunica propria 
3. Gland lobule 
4. Muscularis mucosae 
5. Circular layer of lamina muscularis 
6. Longitudinal layer of lamina muscularis 
7. Adventitia 
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PLATE XVIII 
Fig. A. 'Proventriculus. Hematoxylin·eosin. 200 x. 36 hours. 
1. Cross sections of gland tubules 
2. Longitudinal sections of gland tubules 
3. Septa between lobules 
4. Gl:md cells 
5. A mass of blood cells in a blood vessel 
Fig. B. Elastic tissue in area between proventriculus and gizzard. (Elas-
tic tissue black). Weigert 's 200 x. 2 years. 
1. Gland layer 
2. Tunica propria 
3. Muscularis mucosae 
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FLA.TE XIX 
Fig. A. Entire " ·all of gizzard. Hematoxylin-eosin. 50 x. 3 -days. 
1. Horny layer 




Fig. B. Gizzard showing horny layer in detail. Kei:atohyalin stain. 200 x. 5 months. 
1. Horny layer 
2. Wavy line parallel to the smface 
3. Lines perpendicular to the smface 
4. Exudate in gland tubules 
5. Glandular layer 
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PLATE XX 
Fig. A. Gizzard showing keratohyalin stained in glandular layer. Keratohyalin stain. 
200 x. 5 months. 
1. Horny layer 
2. Exudate in tubule 
3. Gland tubule 
Fig. B. Gizzard showing keratohyalin granules. Keratohyalin stain. 800 x. 36 homs. 
1. Exudate in tubules 
2. Tubule 
- 3. Keratohyalin granules (fine black dots) 
-. 
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PLATE XXl 
Fig. A. Gizzard. Hematoxylin·eosin. 200 x. 2 years. 
1. Gland tubules in tnnica propria. Note arrangements in groups 
2. Septa· of tunica propria 
3. Musel • 
Fig. B. Gizzard. Hematoxylin-eosin. 800 x. 2 years. 
1. Tunica popria septa 
2. Group of gland tubules . 
3. Flat cells with bulging nuclei 
4. Lumen of a tubule 
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PLATE XXII 
Fig. A. Types of duodenal villi. Hemato;xylin-eosin. 200 x. 36 hours. 
Fig. B. Lymphoid _tissue in small intestine. Hematoxylin-eosin. 50 x. 2 years. 
1. Longitudinal muscle 
2. Circular muscle 
3. Submucosa 
4. Muscularis mucosae 
5. Lymph nodules 
6. Diffuse lymphoid tissue 
7. Crypts of Lieberkiilm 
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PLATE XXIII 
Fig. A. Fibrous tissue in duodenum. Van Gieson 's. 200 x. 2 years. 
1. Tunica propria with glands of Lieberkiihn 
2. Muscularis mucosae 
3. Submucosa 









Elastic tissue in duodenum. Weigert's. 200 x. 2 years. 





Vessels crossing circular layer of the lamina muscularis 
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PLATE XXIV 
Fig. A. Small intestine showing blood vessels entering the wall. H ematoxylin-eosin. 
200 x. 2 years. 
1. Vessels in adventitia 
2. Longitudinal muscle layer 
3. Circular muscle layer 
4. Submucosa 
5. Musculal'is mucosae 
Fig. B. Duodenum stained for mucous glands. Mucous stain. 200 x. One and one-
half years. 
1. Circular layer of lamina muscularis 
2. Junction of muscularis mucosae and the circular layer of 
the lamina muscularis (submucosa) 
3. Muscula1·is mucosae 
4. Glands of Lieberkiihn with goblet cells showing mucin. 
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PLATE XXV 
Fig . .A. Longitudinal section of panc1eatic and bile ducts entering the duodenum. Note 
the elevation in the mucous membrane of the duodenum. Hematoxylin·eosin. 
50 x. One and one-half years. 
1. Mucosa of the duodenum 
2. Openings of ducts 
3. Bile duct 
4. Pancreatic ducts 
Fig. B. Cross section of pancreatic and bile ducts 11ear entrance into the duodenum. 
Hematoxylin·eosin. 50 x. 5 months. 
1. Mucosa of the doudenum 
2. Bile duct 
3. Panceratic ducts 
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PLATE XXVI 
Fig. A. Small intestine cross ~ection. Hematoxylin-eosin. 200 x. 20 days. 
Fig. B. 
1. Serosa 
2. Longitudinal layer of the lamina muscularis 
3. Circular layer of the lamina muscularis 
4. Submueosa 
5. Muscularis mucosae 
6. Apparent fusion of outer circular· layer of muscularis mucosa 
and inner circular layer of the lamina muscularis 
7. Tunica propria 
8. Glands of Lieberkiihn 
9. Crypts of Lieberkiihn 
10. Villi 
Longitudinal section of the sphincter between the small intestine and rectum. 
Hematoxylin-eosin. 25 x. One and one-half years. 
1. Mucosa of the small intestine 
2. Mucosa of the rectum 
3. Muscle 
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PLATE XXVII 
Fig. A. Caecum, mid'portion, constricted. Hematoxylin-eosi11. 200 x. 36 hours. 
1. Epithelium 
2. Villi 
3. Tunica propria 
4. Muscularis mucosae 
5. Submucosa 
6. Circular layer of lamina muscularis 
7. Longitudinal layer of lamina muscularis 
8. Serosa 
Fig. B. Caecum, mid-portion, dilated. Hematoxylin-eosin. 200 x. 36 hours. 
1. Epithelium 
2. Villi 
3. Tunica propria 
4. Muscularis mucosae 
5. Submucosa _ 
6. Circular layer of lamina muscularis 
7. Longitudinal layer of lamina muscularis 
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PLATE XXVIII 
Fig. A. Lymphoid tissue in caecum (proximal portion). Longitudinal section Hem-
atoxylin-eosin. 50 x. One and one-half ;years. 
1. Longitudinal layer of lamina muscularis 
2. Circular layer of lamina muscularis 
3. Muscularisi mucosae 
4. Lymphoid tissue 
5. Lymph nodules 
Fig. B. Reticulum in gla.ndular arna of caecum. (Reticulum fine black lines.) Re-
ticular stain. 200 x. 011e and one-half years. 
1. Glands of Lieberkiihn 
2. Reticulum in tunica propria 
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PLATE XXIX 
Fig. A. Rectum. Hematoxylin-eo~in. 200 x. 36 hours. 
1. Goblet cells in the simple columnar epithelium 
2. Villi 
3. Tunica propria 
4. Glands of Lieberkiihn 
5. Crypts of Lieberkiihn 
6. Circular layer of lamina muscularis 
7. Longitudinal layer of lamina muscularis 
Fig. B. Small and large intestine and both caeca. Hematoxylin-eosin. 25 x. One and 
one-half years. 
1. Rectum 
2. Small intestine 
3. Caeca 
4. Blood and lymph vessels and nerves 
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PLATE XXX 
Fig. A. Cloaca showing a fold covel'ing the entrnnce to the bursa cloacae. Hematox-
ylin-eosin. 25 x. 4 days. 
1. Fold ovel'hanging entrance to bursa cloacae 
2. Dorsal wall of proctodaeum 
3. Fold of wall of bursa cloacae 
4. Dorsal wall of urodaeum 
5. Ventral wall of urodaeum 
Fig. B. Longitudinal se"-tion of the two anterior chambers of the cloaca. Hemato:i..7lin-





5. Sphincter separating rectum from coprodaeum 
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PLATE XXXI 
Fig. A. Anal opening, longitudinal section. Hematoxylin-eosin. 50 x. 1 day. 
1. Villi of proctodaeum 
2. Dorsal lip of the anus 
3. Ventral lip of the anus 
4. Point at which the inner layer of muscle in the upper lip 
begins to change direction 
5. Muscle of upper lip ending in a longitudinal arrangement 
6. Muscle of lower lip arranged in an inner longitudinal and 
outer circular direction 
7. All the muscle in the lower lip arranged in a longitudinal 
direction 
8. Muscle of lower lip ending in a circular arrangement 
9. Anal opening 
Fig. B. Region in anal opening in which the stratified squamous epithelium of the 
anus changes to the simple columnar epithelium of the proctodaeum. Hem-
atoxylin-eosin. 200 x. 1 day. 
1. Epithelium of anal openi11g 
2. Tunica prouria and submucosa 
3. Muscle 
4. Point at which stratified squamous epithelium changes to 
simple columnar 
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PLATE XXXII 
Fig. A. Liver. Hematoxylin-eosin. 200 x. 2 yea1·s. 
1. CeJ!tral vein with si.nusoids opening into it 
2. Endothelial lining of central vefo. 
3. Cords of liver cells 
Fig. B. Liver _showing portal canal. Note fat spaces in the li\-er parenchyma. Hem-
atoxylin-eosin. 200 x. 8 days. 
1. Portal vein 
2. Bile ducts 
3. Hepatic arteries 
4. Lymph vessel 
5. Liver parenchyma 
.· 
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PLATE XXXIII 
Fig. A. Liver stained for reticulum. Reticular stain. 800 x. One and one-half years. 
1. Sinusoids 
2. Reticulum (black lines) 
3. Cords of liver cells 
Fig. B. Liver stained for fat. Droplets appear dark. Scharlach R. 200 x. 10 days. 
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PLATE XXXIV 
Figs. A-F_. Liver stained for fat at 9, 12, 15, 18, 21, and 25 days. Scharlach R. 200 x. 
Note gradua1 lessening of fat until on the 21st and 25th days it is confined to an area 
· · around the vessels. 
Fig. A- 9 days 
Fig. B- 12 days 
Fig. C-15 days 
Fig. D-18 days 
Fig. E-21 days 
F.ig. F-25 days 
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PLATE XXXV 
Fig. A. Bile duct. Hematoxylin-eosin. 200 x. 2 days. 
1. Lamina muscularis 
2. Submucosa 
3. Muscularis mucosae 
4. Tunica propria 
5. Villi lined with cylind1·ical epithelium 
Fig. B. Pancreatic duct: Hematoxylin-eosin'. 200 x. 5 months. 
1. Longitudinal layer of the lamina muscularis 
2. Circular layer of the lamina muscularis 
3. Submucosa 
4. Muscularis mucosae 
5. Tunica propria 
6. Villi lined with cylindrical epithelium 
> 
ANATOMY OF THE DIGESTIVE TRACT OF GALLUS DOMESTICUS 373 
Plate XXXV 
374 M. LOIS CALHOUN 
PLATE" XXXVI 
Fjg. A. Pancreas. Hematoxylin-eosin. 200 x. 5 months. 
1. Pancreatic acjni 
2: Islet of Langerhans 
3. Collecting duct 
4. Group of vessels and nerves 
5. Peritoneal covering 
Fig: B. Reticulum in pancreas. Reticular stain. 200 x. One and one-half years. 
1. Acini 
2. Reticulum (black liues) 
.. 
<. 
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PLATE XXXVII 
Fig. A. Fold in wall of th;i bursa cloacae. Hematoxylin eosin. 50 x. 7 months. 
1. Trabeculae 
2. Lymph follicles 
3. Epithelium 
Fig. B. Fold of the bursa cloasae. Hematoxylin-eosin. 50 x. Five and one-half 
months. 
1. Epithelium 
2. Epithelium joining the medullary portion 
3. Medullary portion of a nodule 
4. Cortical portion of a nodule 
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PLATE XXXVIII 
Fig. A. F old of · the bursa cloacae showing reticulum. Reticuiar stain. 200 x. 7 
months. 
1. Medullary portion of lymph folli cle 
2. Cortical portion of lymph follicle 
3. Reticular tissue at junction of medulla1·y and cortical portions 
4. Interfollicular septa 
l<'ig. B. Reticulun! separating cortical from medulla1·y portions fo a follicle of the 
bursa cloacae. Reticular stain. 800 x. 7 months. 
1. Cortical portion 
2. Medullai·y portion 
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Plate XXXVIII 
380 M. LOIS CALHOUN 
PLATE XXXIX 
Fig. A. Yolk stalk. Hematoxylin-eosin. 200 x. 36 hours. 
1. Intestinal mucosa 
2. Lamina muscularis 
3. Submucosa 
4. Muscularis mucosae 
5. Tunica propria 
6. Columnar epithelium 
Fig. B. Yolk sac. Hematoxylin-eosin. 200 x. 1 day. 
1. Cuboidal epithelium of yolk stalk 
2. Columnar epithelium of yolk sac 
3. Folds in the mucous membrane 
4. Fibrous connective tissue layer 
5. Se1·osa 
.• 




THE STABILITY OF ETHYLENE GLYCOL IN ACID SOLUTIONS 
F. E. BROWN AND CLIFFORD E. HEADINGTON 
From the Chemical Laboratory, Iowa State College 
Accepted for publication January 11, 1933 
Attempts to prepare diols by hydrogenation at temperatures between 
100° and 150° in acid solutions resulted in the disappearance of the sub-
stances subjected to the treatment, but no diols were produced. It was 
suspected that the diols might not be stable under these conditions. Since 
ethylene glycol is abundant and cheap, it was chosen for the first series of 
tests. At 107°, this diol was subjected to sulfuric acid in concentrations 
between 20 per cent and 35 per cent and to hydrochloric acid in concentra-
tions between 3 per cent and 25 per cent. Using solutions containing 25 
per cent sulfuric acid or 10 per cent hydrochloric acid the temperature was 
varied from 107° to 135°. Some experiments were conducted under hydro-
gen at a pressure of 1750 pounds per square inch. 
EXPERIMENTAL 
A determination was made by sealing a mixture composed of 25 cc. 
of ethylene glycol and 75 cc. of a solution of acid in a suitable container, 
and subjecting it to a chosen temperature. For the temperatures which 
produced low pressures, ordinary 150 cc. pressure bottles were used. For 
higher temperatures pyrex bomb tubes were used. When the effect of high 
pressures of hydrogen was investigated a glass container with a small 
opening was enclosed in a small autoclave before being heated. In one 
series of four experiments the mixtures which contained sulfuric acid were 
refluxed at their boiling points at atmospheric pressure. The pyrex bomb 
tubes were heated in a combustion furnace. All other containers were heat-
ed in an oil bath. The temperatures were maintained for three hours ex-
clusive of the time required for heating and cooling, but the duration of 
the heating and cooling periods was made as short as possible, without 
danger of breaking the glass containers. The pressure of hydrogen used 
was that furnished by a commercial tank, 1750 pounds per square inch. 
DETERMINATION OF GLYCOL 
Nearly all of the decomposition products of ethylene glycol are in-
soluble in the glycol-acid-water mixture and the two layers were separated 
by means of a separatory funnel. The oily decomposition products were 
extracted with water several times and the extracts added to the glycol 
solution. 
When the solution contained hydrochloric acid, lead carbonate was 
added until there was no further effervescence. The precipitated lead 
chloride was filtered from the cooled solution and washed with alcohol to 
remove any adhering glycol. Alcohol was added to the filtrate and the 
small additional precipitate was collected and washed with alcohol. 
When the solution contained sulfuric acid, neutralization was effected 
[383] 
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by means of sodium hydroxide. Much Na2S04 • 10H20 crystallized out on 
standing. These crystals were filtered out and washed with alcohol. To 
the filtrate was added two to three volumes of alcohol. The additional pre-
cipitate was removed by filtration at low temperatures. 
In either case the alcohol and water could be distilled from the glycol 
readily, but the glycol was too viscous to be removed easily from the dis-
tillation flask for measurement. The method chosen for the estimation of 
glycol was as follows: The volume of each alcohol-water-glycol mixture 
was carefully measured and the mixture was put into a distillation flask 
of suitable size. (The volume of each solution was approximately 250 cc.) 
The distillate was collected in a graduated container until the temperature 
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of the vapor reached 100°. At 
that point an accurate reading 
of the volume of the distillate 
was made. Distillation was con-
tinued. A record of the total 
volume of distillate and the cor-
responding temperature of the 
vapor was made until the tem-
perature of vapor reached 188°, 
the boiling point of ethylene 
glycol. The total volume of dis-
tillate was plotted against the 
temperature of the vapor in the 
distilling flask. The volume of 
water and alcohol was estimated 
by reading the volume indicated 
by the mid point of the inflec-
tion in the curve between 100° 
and 188°. The volume of the un-
decomposed glycol was found by 
difference. 
Figure 1 represents graph-
200 210 220 230 240 250 260 . ically the data taken while dis-
Volume of distillate tilling a solution known to con-
Fig. 1. The distillation of a mixture of 
water alcohol and ethylene glycol. 
tain 25 cc. of ethylene glycol in 
enough water and alcohol to pro-
duce a total volume of 265 cc. 
Data from other experiments with varying known proportions of alcohol, 
water and glycol produced curves so nearly like that in figure 1 that they 
could not be distinguished from it if drawn on the same sheet. 
The distillation of the last traces of water from the glycol produced 
violent bumping which was not stopped by: broken unglazed plate, boiling 
stones, glass bead, glass tubes, or any such devices. Bumping was elimi-
nated, and rapid and quiet boiling was made possible by distilling from 
a three-necked flask equipped as follows: A distilling column was fitted 
to one side neck. The second side neck was stoppered while distillation 
was in progress and used for the introduction of portions of the sample 
to be distilled. The shaft of a motor stirrer sealed by a mercury seal was 
fitted to the middle neck. To the shaft was fastened a glass rod whose 
lower end had been flattened and recurved in such way that it rotated 
dose to the bottom of the flask and produced a rising current of liquid. 
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EXPERIMENTAL RESULTS 
The curves in figure 2 represent the decomposition of ethylene glycol 
in the presence of varying concentrations of hydrochloric acid or of sul-
furic acid at 107° or in the presence of four concentrations of sulfuric acid 
refluxed at their boiling points under atmospheric pressure. The duration 
of each experiment was three hours. 
In figure 3 the percentage of ethylene glycol decomposed in three 
hours is plotted against the temperature at which the experiment was 
carried out. One curve represents the decomposition in a solution which 
contained 10 per cent hydrochloric acid; and the second that in a solution 
which contained 25 per cent sulfuric acid. 
In figure 4 the data is the 
same as that represented in fig-
ure 3 but instead of the percent-
age of acid, the abscissas repre- ., 
sent the activities for the cor- 5 
0 
responding concentrations of the ..<:l 
o = HyJ,.cl./o-ic Ac;J .T IDT C 
o =Sulfu;ic Acid aT 107' C. 
e~Sulfuric Acid aT Boi/in3 Pain 
acids as indicated by the freez- ~ 
ing point data, taken from the ~ 60 International Critical Tables. .::! 
Some experiments w e r e 
made using, at different times, 
hydrochloric acid and sulfuric 
acid and imposing 1750 pounds 
pressure of hydrogen per square 
inch. In all such cases the per-
centage of the glycol decomposed 
was the same as when no pres-
sure of hydrogen was imposed. 
DISCUSSION 
Ethylene glycol is quite un-
stable in the presence of even 
small concentrations of hydro-
chloric acid. As the concentra-
tion of acid increases-the rate of 
decomposition of the glycol in-
creases rapidly. When the con-





10 20 30 40 50 
Percentage acid 
Fig. 2. The decomposition of ethylene 
glycol in the presence of acids at 
constant temperature. 
chloric acid is more effective than sulfuric acid in effecting the decomposi~ 
tion of ethylene glycol. This is true regardless of whether percentage com-
position, normality, or activity as indicated by lowering of freezing point is 
used as the basis ior measuring the concentrations. 
Rise in temperature is accompanied by a rapid increase in rate of de-
composition of the glycol in the presence of either acid. Over the greater 
part of the range studied the increase of rate of decomposition with rise 
of temperature is greater for solutions containing sulfuric acid than for 
those containing hydrochloric acid. Hydrogen is not evolved during the 
decomposition of ethylene glycol and its presence would not be expected 
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Fig. 3. The decomposition of ethylene 
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10 / /1 
Activity measured by freezing points 
Fig. 4. The decomposition of ethylene 
glycol as related to activities 
of acids. 
SUMMARY 
1. At 107°, sulfuric acid at concentrations below 20 per cent by 
weight, produces little or no decomposition of ethylene glycol, but, at con-
centrations greater than 20 per cent it produces decomposition. The rate 
of decomposition increases rapidly with increasing concentration of acid, 
40 per cent acid decomposing about 50 per cent of the glycol in three hours 
at 107°. 
2. At the same temperature, decomposition with hydrochloric acid 
begins at very low concentrations and reaches a value of 54 per cent at 
a concentration of 10 per cent acid. 
3. The effect of temperature on decomposition, in the case of both 
acids, is very great: a change of from 107° to 135°C., bringing about an 
increase of 60 per cent in decomposition, in the case of sulfuric acid, and 
56 per cent with hydrochloric acid. 
APPROXIMATE SOLUTIONS OF TWO-DIMENSIONAL ELASTIC 
PROBLEMS 
D. L. HOLL 
From the Depa11ment of Mathemattcs, Iowa State Colfoge 
Accepted f-0r publication January 20, 1933 
Most problems in the dynamics of continuous media ultimately reduce 
to the solving of a boundary value problem in which the equilibrium situa-
tion is represented by a differential equation. This boundary value problem 
is said to be solved if a solution of the given differential equation can be 
found such that it attains the prescribed value on the boundary of the 
region in question. In most cases the differential equation is a linear 
partial differential equation of second or higher order, and such a solution 
is desired that the function and certain relations shall be satisfied at the 
boundary. Frequently, the difficulties encountered in meeting these re-
quirements are so great that other exact or approximate methods are re-
sorted to. 
When the differential equation possesses the property of being self-
adjoint, as is generally the case in problems of physical interest, it may be 
associated with a variational problem. An equivalent exact formulation of 
the boundary value problem is the construction of an integral, usually 
shown to be some form of an energy integral, which is to be minimized and 
also to satisfy the required conditions on the boundary. This becomes a 
problem in the Calculus of Variations, in which one has to find from among 
all the admissible functions with the necessary differentiability conditions, 
a function which minimizes the given integral and attains the necessary 
boundary values. The classical method employed in solving this problem 
is to find the first variational derivative. As a consequence of the vanishing 
of this variational derivative, there results a first necessary condition which 
the required function must satisfy, namely the Euler-Lagrange equation, 
which is precisely the equilibrium equation of the boundary value problem. 
In contrast to the classical method, direct methods of solving these 
problems are of great interest. The important method of approximation 
invented by Lord Rayleigh[t]• and developed by W. Ritz[2], has been used 
by many writers[3] to obtain approximate solutions of many important 
problems. In Ritz's method a boundary value problem for a differential 
equation L(u)=O, is replaced by a variation problem in which a certain 
integral I[u] is to be made a minimum, the unknown function u(x,y) be-
ing subject to certain supplementary conditions which are usually linear 
boundary conditions. The function Um(x,y), used by Ritz as an approxima-
tion for u ( x,y), is generally not a solution of the differential equation, but 
it does satisfy the boundary conditions for all values of the arbitrary para-
meters which it contains. The result is that when an integral Im is obtained 
from using the approximating function Um, it is greater than the trne 
* Referenc.es are indicated by number in [ ]. 
[387] 
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minimum value Id of I, even when the arbitrary parameters are chosen so 
as to make Im as small as possible. 
When the approximation function Um can be chosen as a linear com-
binations of a normally orthogonalized set of functions, the convergence of 
Im to Id, as well as Um to u can be shown. It was shown by Ritz, moreover, 
that sometimes the functions occurring in the exact solution of one problem 
may advantageously be used in the approximate solution of another prob-
lem. A variation of Ritz's method has been recommended by Hencky(4] 
and Goldsbrough [ 5] ; it has the advantage of indicating a reason why in the 
limit the function Um should satisfy L(u)=O. 
Another direct method for solving a variational problem is due to E. 
Trefftz [ 6]. The contrast of this method with that of Ritz lies in the fact 
that when an integral Im of I is calculated from an approximate function Um 
such that L(um)= 0, but with less restricted boundary conditions, then Im 
approaches Id from below. This method was applied first by Trefftz to 
Dirichlet's integral I[u] for a potential function \72u=0, and direct ap-
plication made to the torsion problem [ 6]. Extensions were made by R. 
Courant[7] and K. Friedrichs[8]. The former enunciated a principle ap-
plicable to variation problems, which states that the actual minimum of an 
integral cannot increase when the boundary conditions become less restrictive 
or if none are imposed whatever. For example, if it is required that u(s) -
f(s)=O on a boundary, the boundary condition may be loosened by mere-
ly requiring that the integral of Q ( s) [ u ( s) - f ( s) ] = 0. Hence, if Q sat-
isfy L(Q)=O, it may make it possible to find simple solutions of the dif-
ferential equation satisfying the loosened boundary conditions. Friedrichs 
has pointed out that a new integral J may be constructed, free from natural 
boundary conditions and such that the maximum of J is equivalent to the 
minimum value of I. By Courant's principle any approximation Jm for J 
is smaller than Id. N. M. Bashu[9] and the writer (10) have applied the 
Trefftz method to special cases of the torsion problem. 
By an application of both the Ritz and Trefftz methods, an upper and 
a lower bound of the true minimum is established. In either case the one 
method provides an error criterion for the approximation obtained by the 
other method. In general it may be said that the Ritz method affords a 
more rapidly convergent method than does the Trefftz method even though 
the choice of the approximating functions is more limited. R. Courant[ll] 
has shown that the rapidity of convergence of a method of approximation 
can often be improved by modifying the variational problem, introducing 
higher derivatives in such a way that the Eulerian equation of the problem 
is satisfied whenever the original differential equation is satisfied. This 
device is useful in applications of Trefftz 's method. 
STRESS PROBLEM 
Consider the boundary value problem of finding a biharmonic function 
w(x,y) satisfying 
r(w)=V'= o'w +2 o'w + o'w =0 in R, ox' ox2oy2 oy' (1) 
ow 
w = f(s) --= g(s) on r, 
on 
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in a simply connected region R, with a regular[12] contour r, on which 
f(s) and g(s) are analytic functions of the arc lengths. It is assumed that 
w possesses derivatives of at least the fourth order. The normal derivative 
is taken along the outward normal and s increases in such a way that R is 
circuited in counter clockwise fashion. 
The equivalent variation problem is the problem of finding among all 
the admissible functions w = w ( x,y) which possess the necessary differ-
entiability conditions, a function which satisfies (1) and minimizes the 
integral 
(2) I[w]=%J f('v2w)2dxdy=% JJ[o2w + ~w]2dxdy. 
OX2 oy2 
That this integral has a meaning is seen from the fact that it has a non-
negative lower bound. Postulating the existence of the function w, one may 
show analytically that a non-negative lower bound of (2) exists. Such a 
proof is given by K. Friedrichs[3]. If the invariance of the operator is 
taken into consideration, in any given problem, one usually finds an inter-
pretation for the integrand of (2) and is thus able to accept the existence 
of a minimum. 
Ritz's Me,thod. As an mth approximation for w, one may choose a 
function of the form 
(3) m Vm(x,y)=f(x,y)+l: ci qi (x,y), 
j=l 
such that all qi vanish on r, with ~f = o, and l; ci oqj = g(s) on the 
un j=l on 
contour r of R. Then the parameters CJ of (3) are determined so that 
I[vm)=J J (\12vm) 2 dxdy 
shall be a minimum. From the condition for a minimum of I [ c1, c2, ... , 
Cm], there result m linear non-homogeneous equations, 
(4) ~I =0, (i=l, 2, ... , m.) 
uC1 
for the determination of the m parameters. 
That the approximation function of (3) yields a larger minimum of 
(2) than the true minimum Id, may be shown as follows. Let the error be 
denoted by 
(5) C1m(x,y)= Vm(x,y)-w(x,y). 
Then by the conditions imposed on (3), crm(x,y) vanishes on r, since w = 
f ( s) . From ( 5) it follows that 
(6) J J (\12Vm) 2 dxdy= J J (\12CJm + \12w) 2 dxdy 
= J J [(\12CJm) 2 +2(\12crm) (\12w) + (\12w) 2 ] dxdy 
= J J(\12C1m)2dxdy+ J J('V2w)2dxdy. 
Since the first integral in the right member of ( 6) is positive, I [ v m] >I [ w]. 
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It remains to show that 
By Green's formula, 
(7) 
= J[ (\7 2w)(~~)-<Jm o(\7;:)] <ls+ f Jom\7 4wdxdy 
=0 
since by (3), and (5), Om and 0;: vanish on the boundary and \7 4w=0. 
This concludes the proof. 
·when the functions qi of (3) can be constructed from linear com-
binations of an orthogonalized set of functions, the error function of ( 5) 
will vanish when m increases indefinitely and 
(8) lim I [vm] =I [w]. 
m~oo 
Trefftz Met1wd. Suppose that one does not attempt to satisfy the 
boundary values of (1) at all points, but rather that the following condi-
tions containing the 2m unknown functions Pi (s) and q1 (s) be fulfilled: 
(9) J1=f[w-f(s)]p1(s)ds+ J[~: -g(s) ] q1(s)ds=O. 
(i=l, 2, ... , m.) 
Consider the problem of minimizing (2) subject to them conditions of 
(9). The process of Lagrangean multipliers is employed and one forms the 
function 
m 
(10) Jo[w, l..11 ••• , Am] =l[w] +l: A1 Ji, 
i=l 
whieh is to be minimized. As a necessary condition the first variation of J0 
is to vanish for all admissible variations of w. In this paper the weak 
variations, or arbitrary continuous variations of the surface and its normal 
derivative in the region R and on its contour ,are considered as admissible. 
(11) Mo= ff (\7 2w)\7 2 (aw) dxdy 
~~1A.1 J[ (aw)p1(s) +q1(s) o(~:)] ds=O. 
Applying Green's theorem to the double integral of (11), one obtains 
J[ \7 2w a~~w) -aw o(~~w)] as+ ff (aw)\7 4wdxdy 
+~1..1J[ (aw)p1(s) +q1(s) o(~:)] ds=O. 
For arbitrary variations of w as specified, we have 
(12) V'w = 0, at all points in R, 
and 




(14) o(\7 2w) -'i:AiPI =0 
on 1 
along the boundary r. 
There are still 2m conditions at our disposal. Hence if we choose 
qi(x,y) and p 1(x,y) such that they satisfy 
(15) \7 2Q1(x,y) +q1(x,y)=O, } 
(i = 1, 2, . . . , m.) 
o(\72 Q1) (16) P1(x,y) - - 0u- =0. 
respectively, then we may construct w(x,y) in the form 
(17) m Wm(x,y) =-~A1Q1 (x,y) 
1 
and all the conditions of (12), (13) and (14) are satisfied if 
(18) \7~Q1(x,y)=O. 
From ( 9) the m conditions, for determining the Ai, are 
(19) f [wm-f(s)] o(~~Qi) ds- f [~:m- g(s) ] \7 2 Q1ds= 0. 
(i=l, 2, ... , m.) 
Another method of obtaining the results of (19) will be given to prove 
the following theorem. 
THEOREM: Tke necessary and sufficient condition tkat (17) and (19) 
will solve tke variation problem (2) is tkat (18) hokl. 
That it is necessary has been shown. To establish the sufficiency, one 
may assume ( 18) and proceed to determine A1, ( i = 1, 2, . . . , m.) so that 
the integral of the square of the Laplacean of the error is as small as pos-
sible. If Wm is given by (17) and (18) and · 
CJm(x,y) =w(x,y) -Wm(x,y) 
then 
Em = f J (\7 2crm) 2 dxdy= J f [\7 2W- \7 2Wm]2 dxdy 




for all choices of A1. Hence 
(21) 00~~ = 2f f (\7 2w - \7 2wm)\7 2 (00~~) dxdy 
• 
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=2 f[ \7 2 o(W-Wm) ( ) O\J2Q1)] ds v Q1 on - W - Wm ------an-
= 0. (i=l, 2, ... , m.) 
Equations (21) which are the same as (19) provide m linear nonhomogen-
eous equations for determining the multipliers J..1 since f(s) and g(s) are 
defined on r. 
It remains to show that I [Wm] ~ I [ w]. This is a direct consequence 
of Courant's principle, since the boundary conditions of (19) are less re-
strictive than ( 1) . It may also be established as a consequence of the class-
ical method of expansion in a series of particular solutions as follows: 
(22) 
s!nce 
I[w] = J J (\l 2w) 2 dxdy 
=ff [\l 2 (wm + O'm) ]2 dxdy 
=ff [ ( 'V 2wm)2 + 2 ( \J 2wm) (\l 20'm) + ( \J 20'm) 2 ] dxdy 
= ff [ ( 'V 2wm) 2 + ( \J 2 crm) 2 ] dxdy 
> I[wmJ, 
ff (\J 2Wm) (\J 20'm)dxdy f [ \J 2Wm 0::- - O'm o(\J;:m)] ds 
-J[~\72 (ow owm) ( )o(\J2Q1)]ds 
- t' v Qi on--o-n- - W - Wm __ o_n_ 
=0. 
The last line integral vanishes by (21), and this concludes the proof. 
Thus a function, satisfying the biharmonic \J4 = 0, subject to becom-
ing f(s) on the boundary and its normal derivative assuming g(s) on the 
boundary, may be approximated by either of the forms (3) or (17) with 
the parameters determined by ( 4) and (19) respectively, and the true 
minimum of (2) will be bounded by I[vm] > I[w] ::::>_ I[wm]. 
APPLICATIONS 
For practical utility each method may possess certain advantages over 
the other. In general it may be said that the Ritz method affords a more 
rapidly convergent method than does the Trefftz method even though the 
choice of approximating functions is more limited. In the latter, while the 
empirical convergence is slow, the greatest error of the approximation lies 
near the boundary. In the former while the boundary conditions are satis-
fied, the differential equation is not satisfied anywhere within the region R. 
As an interpretation of these ideas when applied to a boundary value 
problem in elasticity, we may choose an approximation function satisfying 
the equation of equilibrium but not fulfilling the requirements on the 
boundary. In other words one may prefer the case that the differential 
equation represents more adequately the true state of affairs within the 
• 
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elastic member itself, than do the functional boundary relations describe 
the actual values over the boundary of that member. This is particularly 
true when homogeneous elastic structural members are pinned and joined 
to one another. 
Stress Problem. The solution of two dimensional stress problems in 
elasticity by means of Airy's Stress Function F, satisfying the biharmonic 
equation \74F = 0 and the given boundary conditions, is equivalent to the 
determination of the form F which makes the strain energy intergral 
(23) V = 2~ ff [ (\72F) 2 -2(1- µ) (FxxFyy-Fxy2)] d:xdy 
taken over the volume of the plate or prism a minimum. When the bound-
ary conditions are prescribed loads, and not prescribed displacements, we 
have the case of a plane stress distribution, and the partial derivatives F xx, 
Fm and Fxy are known on the boundary. E andµ are material constants, 
Young's modulus and Poisson's ratio respectively. Since the latter part of 
the intergrand of (23) may be written 
Fxx Fyy - Fxy2 = (Fx Fyy}x - (Fx Fxy)y = - (Fy Fxy)x + (FrFxx)r, 
the surface integral may be transformed to line intergrals and hence de-
pendent upon the boundary values of the given stress problem. Thus the 
problem of minimizing (23) becomes the problem of equation (2) since the 
Euler-Lagrange condition remains \7 4F= 0. 
By Ritz's method one may write a suitable function in the form 
m 
F = Fo + l: a1 F1 
l=l 
in which F o satisfies the boundary condition, and F 1 are so chosen that no 
additional stresses occur at the boundary. These requirements are not al-
ways simply met, especially if the contour is of arbitrary shape or if differ-
ing conditions exist on separate parts of the contour. A simple example is 
that of a rectangle of dimensions 2a and 2b. When the origin is at the 
centroid, and the axis parallel to the sides of the rectangle, a suitable form 
of the function is 
(24) F = Fo + (x2-a2)2(y2-b2)2[a1+a2(x2+y2) + aa(x2y2) 
+ ...... ] 
if a symmetrical function is required. If for physical reasons it is known 
that a skew symmetrical function is desired, odd powers may be used in the 
bracket term. 
In the Trefftz method, it is convenient to employ the same information 
as in the Ritz method, namely a knowledge of F 0 , if \7 4F 0 =0. In the 
case that F o is not a biharmonic function, usually one can construct a func-
tion F a1 satisfying \7 4F 01 = 0, which will provide for the existence of mean 
stresses or of a linear distribution of stresses, which is known as an ap-
proximation of the real solution. The stress function is then constructed in 
the form 
(25) 
in which the additional stress function F 1 provides the corrected stresses 
and the problem becomes a problem of approximating for F 1 by Trefftz 's 
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y ~ a1<I>; (x-+- iy). 
Since it is possible ta approximate to any ''well-behaved'' function in 
a uniformly convergent manner by harmonic polynomials[13], it becomes 
apparent from (26) that 
a:i;i.d 
lim (Fo1 + F 1 ) = F 
1~00 
lim I[F01 +F1 ]=I[F]. 
i~oo 
This insures that the function (25) as well as its derivatives is represented 
by the approximation process in a uniformly convergent manner and hence 
in the limit will attain the prescribed values not only in the region R but on 
its coutour r. 
Similar consideration for the Ritz method follows from theorems by 
Weierstrass for the approximation by power seires, and by Fourier for 
trigonometric series, and by still more general theorems[14] on the repre-
sentation of functions by complete sets of orthogonal functions. 
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saccharogenic, 253 
of wheat, 253 
starch-digesting, 253 
sugar-forming, 253 
Equisetaceae (Horse-tail family), 181 
Ericaceae (Heath family), 228 
Ethylene glycol, decomposition of, 385, 386 
in acid solutions, 385, 386 
stability of, 383 
Euphorbiaceae (Spurge family), 220 
Fagaceae (Beech family), 200 
Ferns and fern allies, represented in Iowa 
State College herbarium, 179 
Fibers, textile, 57 
Fibroin, silk, 1 
Filament or heater current, 167 
Flights of beetles, time of, 397 
Flora, Iowa, 177 
Fructose derivatives, 139 
Fumariaceae (Fumitory family), 209 
Furan compounds, insecticidal action of 
some, 419 
insecticidal action on flies of, 428 
Furfural, yield of, in extracting pentosans, 
33 
yielding constituents of plant materials, 
443 
method to determine, 449 
Furoic acids, decarboxylation temperatures 
of, 429, 430 
Galactoses, 136, 137 
GalT!us domesticu.s, 261 
changes in digestive tract of, 273 
digestive tract of, 261 
gross anatomy, 272 
Gelatin liquefiers, 107 
Gelatinolysis, determination of, 93, 107 
maximum temperature, 93, 100 
mercury-protein precipitation method, 
94, 100 
viscosity method, 95, 101 
Gentianaceae (Gentian family), 229 
Gentiobiose, 120 
Geraniaceae (Geranium family), 219 
Glass electrode, calibration of, 114 
Gluco-heptose, 126 
Glucose, derivatives, 140, 141 
derivatives, tri- and tetra-alkylated 144 
Glutaric acid derivatives, 136 ' 
Glycerol, 133 
Glycol, determination of, 383 
Glycosides, 126 
literature of, 119 
Graminaceae (Grass family), 
Grid voltage supply, 167 
Guaiacol furoate, 42·1 
furylacrylate, 424 
Guttiferaceae (Hypericaceae) ·(St. John's-
wort family), 223 
Gyrimospermae, represented in Iowa State 
College herbarium, 181 
Haloragidaceae (Water Mi.lfoil family), 
226 
Hamamelidaceae (Witch-Hazel .family) 
213 . ' 
Heterocyclic compounds, nitrogen, 477 




Hydrogen ion concentration for optimum 
activity of wheat amylase, 257 
Hydrolysis, acid, 72, 77 
alkaline, 73, 78 
of pentosans from corn cobs, 29 
Hydrolytic methods, for separation of 
cotton cellulose, 65 
Hydrophilic colloids, 467 
Hydrophyllaceae (Waterleaf family), 231 
Hydroquinone difuroates, 424 
o-Hydroxyphenyl furylacrylate, 425 
p-Hydroxyphenyl furylacrylate, 424 
Insecticidal action, of furan compounds on 
flies, 428 
in the nitrogen heterocyclic compounds, 
477 
of some furan compounds, 419 
of some furan compounds, table o.f, 422, 
423 
Inulin, 123 
Iowa flora, 177 
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Iridaceae (Iris family), 197 
Ixodes sculptu.s Neuman (Ixodidae), 35 
Ix<>des sculptu.s, 35 
adult, 40 
description of, 36 
distribution of, 35 
habits of, 40 
host relation of, 35 
larva of, 38, 39 
life cycle of, 40, 42 
life history, 37 
literature on, 35 
nymph, 39 
Juglandaceae (Walnut family), 199 
Juncaceae (Rush family), 195 
Juncaginaceae, 183 
June beetles, control of, 493 
grups of, 397 
habits of, 397 
Labiataceae (Mint family), 232 
Lactose, 119 
Leguminaceae (Pea family), 215 
Leguminosae, pollen o.£, content of, 50 
pollen of, description, 47, 48, 49 
pollen of, morphology of, 43 
Lemna, growth of, 13 
growth of, under sterile conditions, 13, 
14, 15 
technique of, 13 
transfer chamber, 13, 14 
Lemnaceae (Duckweed family), 194 
Lentibulariaceae (Bladderwort family), 
237 
Lethal factors in death of oocysts of 
Efflieria miyairii, 505 
Levan, 123 
Life history and habits of Ixodes sO'!dptu.s 
Neuman (Ixodidae), 35 
Liliaceae (Lily family), 195 
Linaceae (Flax family), 219 
Literature o.£ alkylated carbohydrates. 
VII. Alkyl derivatives of disacchari-
des, polysaccharides, glycosides, and 
miscellaneous substances, 119 
Loasaceae (Loasa family), 224 
LupVrw.s albu.s, 482, 484 
Lycopodiaceae (Club Moss family), 181 
Lythraceae (Loosestrife family), 225 
Lyxose, 134 




Malvaceae (Mallow family), 223 
Mannose derivatives, 137 
Manometers, use of in oxygen absorption, 
159 
Martyniaceae (Martynia family), 237 
Melibiose, 120 
Melezitose, 120 
Menispermaceae (Moonseed family), 209 
2-, 3-Methyl glucose, 140, 141 
4-, 5-, 6-Methyl glucose, 142 
n-Methylpyrrolidine compounds, toxicity of, 
484 
Metallic salts in weighted silk, 1 
Microscopic anatomy of the digestive tract 
of Gallu.s domesticu.s, 261 
Migration of bacteria in butter, methods of 
study, 454, 456 
Migration of bacteria through butter, 453 
Miscellaneous disaccharides, 122 
Mold, aroma-producing, 433 
cultural characters, 434 
morphology of, 433 
Mono- and di-alkylated glucose derivatives, 
140 
Monomethyl ether of 2,4- di-hydroxybenzo-
furan, 420 
Monomethyl, galactoses, 136 
mannose, 137 · 
Moraceae (Mulberry family), 201 
Mutual conductance, equation of, 166 
Najadaceae, 183 
Natural alkylated carbohydrates of debat-
able structure, 148 
Nicotine, 478 
as an inaecticide, 477 
toxic values of, 483 
Nitrogen heterocyclic compounds, insec-
ticidal action in, 4 77 
Notes on the habits of June beetles in 
Iowa (Phyllophaga-Coleoptera), 397 
Nyctaginaceae (Four-O'Clock famliy), 205 
Nymphaeaceae (Pond Lily family), 206 
Observations on the winter survival of 
plant lice in Iowa (Homoptera-Aphiidae), 
505 
OidVwm. suaveolens, 436, 437 
Oleaceae (Olive family), 229 
Onagraseae (Evening Primrose family), 
225 
Oocysts of Eimeria miyairti, 505 
thermal death point of, 505, 506, 507 
Ophioglossaceae (Adder's Tongue family), 
179 
Orchidaceae (Orchis .family), 197 
Orobanchaceae (Broom-rape family), 237 
Osmundaceae (Flowering Fem family), 
179 
Oxalidaceae (Wood-Sorrel family), 219 
Oxidation-reduction potentials, observation 
of, 168 
Oxygen absorption, in soils, 153 
measurement of, 153, 154 
rate of, 155, 156, 157 
Papaveraceae (Poppy family), 209 
Partition of, constituents of plant tissue, 
26 
the constituents of the comstalk by the 
action of alkali, 17 
fibrous material, diagram of, 20 
Pectic compounds, rate of decomposition, 
467 
INDEX 515 
Pectin, influence of tempearture on, 474 
percentage of, in tomato, 474 
weight of, 472 
Pentode electron tube, 166 
Pentosan, destruction of, by cooking, 21, 22 
Pentosans, 443 
extracted from corn cobs, treatment of, 
33 
extracted from corn cob meal, 29 
from corn cobs, hydrolysis of, 29 
preparation of, 29 
recovery of 26 
removal of, 26 
Pentose derivatives, 133, 134 
Pentoses, 443 
Phenyl furylacrylate, 424 
Phopalosiphwm prumfoliae, 500 
Phrymaceae (Lop-seed family), 238 
Phyllophaga-{Joleoptera, 397 
adults of, 397 
collection data for, 402, 403 
copulation notes on, 399 
proportion of sexes collected in Iowa, 
404 
time of flights, 398 
p_ balia, 397 
P. congriw, 397 
in Iowa, 400 
P. crerw,lata, 397 
P. drakii, 397 
P. fosteri,, 397 
P. fraterna, 397 
P. fusca, 397 
P. futilis, 397 
P. hirticula, 397, 398, 399, 494 
P. hormi, 397 
P. iliois, 397 
P. implicita, 397 
P. inoorsa, 397 
P. margmalis, 397 
P. micans, 397 
P. mtida, 397 
P. prwnina, 397 
P. rugosa, 397, 494 
P. tristis, 397, 398, 399 
P. 1!ehemens, 397 
P. vilifrons, 397 
Physical - chemical properties o.f alcohol-
gasoline blends. I. Influence of al-
cohol concentration and of temperature 
upon the water-holding capacity, 461 
Physiological studies of the butyl-acetone 
group of bacteria. I. Gelatinolysis, 
93 
Phytolaccaceae (Pokeweed family), 205 
Pina.ceae (Pine family), 181 
Pith pulping, effect of caustic concentra-
tion on, 21, 22 
Plant lice in Iowa, 499 
Plant materials, furfural yielding con-
stituents of, 443 
method to determine, 449 
Platanaceae (Plant-tree family), 213 
Phl.ntaginaceae (Plantain family), 238 
Plate voltage supply, 167 
Polemoniaceae (Polemonium family), 231 
Pollen of Leguminosae, content, 50 
structure and content of, 43 
morphology of, 55 
structure of, 
Pollen, table of descriptions of, 51, 52, 53 
variations in Leguminosae, 54 
wall, 43 
Polygalaceae ( Milkwort family), 220 
Polygonaceae (Buckwheat .family), 202 
Polypodiaceae (Fern family), 179 
Polysaccharides, 123 
literature of, 119 
Pontederiaceae (Pickerel-weed family), 
195 
Portulacaceae (Purslane family), 205 
Potamogetonaceae (Pond-weed family), 
182 
Potentials, redox, 163 
Potentiometer, electron tube, 111, 168 
Primulaceae (Primrose family), 228 
Properties of alcohol blends, physical· 
chemical, 461 
Protopectin, 471 
Pseudomonas fl1MYrescens, 454 
Ps. fragi, 454 
Ps. graveo1,ens, 454 
Ps. schwylkilliensis, 454 
Ps. syria;antha, 454 
Pteridophyta in Iowa State College 
herbarium, 179 
Pulp, from cornstalks, 28 
from oat straw, 28 
yield of, 28 
Pulping, agent, 25 
of cornstalk tissue, 18 
process, fibrous and pith tissue, 25, 28 
Pyrolaceae (Wintergreen family), 228 
Pyrrolidine, 478, 481 
Quantitative, chemical estimation of textile 
fibers, 57 
estimation of silk fibroin in weighted 
silk, 1 
Ra:ffinose, 122 
Ranunclaceae (Crow.foot family), 207 
Rana syl1!atica, 482, 484 
Rayon, cellulose acetate, 69, 72 
Redox equilibria in bacterial cultures, 163 
Regenerated cellulose, ·in presence of cotton 
cellulose, 65 
Resedaceae (Mignonette family), 212 
Resorcinol difuroate, 421 
difurylacrylate, 425 
Rhamaceae (Buckthorn family), 222 
Rhamnose, 134 
Ribose, 134 
Rosaceae (Rose family), 213 
Rotenone, insecticidal value of, 419 
Rubiaceae (Madder family), 238 
Rutaceae (Rue family), 220 
Saccharogenic enzymes, 253 
preparation of, 254 
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Salicaceae (Willow family), 198 
Salviniaceae, 180 
Santalaceae (Sandalwood family), 202 
Saxifragaceae (Saxifrage family), 212 
Screen voltage supply, 167 
Scrophulariaceae (Figwort family), 235· 
Sculptured tick, 35 
Seed-bearing plants, 181 
Sedosan, 126 
Selaginellaceae, 181 
Serratia marcescens, 454 
Silk fibroin, ash of, 2 
Silk fibroin in weighted silk, 1 
Silk, weighted, 6 
effect of on cotton, 58, 59 
percentage o.f fibroin in, 8 
loss of nitrogen in, 8 
tin-phosphate, weighted, 6 
Simarubaceae ( Quassia family), 220 
Simple, inexpensive electron tube potentio· 
meter for use with the glass electrode, 
111 
Sodium oleate, as insecticide, 479 
Soils, oxygen absorption in, 153 
Solanaceae (Nightshade family), 234 
Solvents, cellulose, 60 
effect of on wool, 70, 71 
differential, for cellulose acetate rayon, 
76, 77 
rayon, 60 
silk, 58, 59 
wool, 57 
Sparganiaceae (Bur-reed family), 182 
Spermatophyta, represented in Iowa State 
Oollege herbarium, 181 
Stability of ethylene glycol in acid solu-
tions, 383 
Staphyleaceae (Bladder Nut family), 221 
Starch and glycogen, 123 
Streptocorou.s lactis, 453 
Storage, tomatoes in, 467 
Stress problem, 388 
Ritz's method, 389 
Trefftz method, 390 
Structure and content of the pollen of 
some Leguminosae, 43 
Studies on a color defect in butter, 487 
Study of the starch-digesting and sugar· 
forming enzymes of wheat, 253 
Study on the use of arsenical dust for the 
control of June beetles, 493 
Succinic acid derivatives, 133 
Sucrose, 119 
Sugars, alkylated products of, 119 
Sulphur dioxide, action on butter of, 490 
Synthetic disaccharides, 121 
Taxaceae (Yew family), 181 
Taxonomic position of an aroma-producing 
mold, 433 
Technique for the growth of lemna under 
sterile conditions with controlled tern· 
perature and light, 13 





Tetrahydrofurylpropyl oxalate, 426 
Tetramethyl, glucoses, 146 
mannoses, 138 
Tetrasaccharides, 122 
Tetrose derivatives, 133 
Textile fibers, quantitative chemical estima-
tion of, 57 
2- Thio-ethyl glucose, 141 
ThUrridw.m ilelicatutwm, host to apple grain 
aphid, 500 
Thymelaeaceae (Oleaster family), 225 
Tiliaceae (Linden family), 223 
Time of exposure and temperature as lethal 
factors in the death of oocysts of 
Eimeria mi-yairii, a coccidium of the 
rat, 505 
Tin-phosphate-silicate weighting, 4, 7 
Tomatoes, keeping qualities and rate of 
pectic change, 4 7 4 
ripeness of, for storage, 470 
Total nitrogen of silk fibroin, 3 
Toxic values for nicotine, 483 
Toxicity data for Aphis rwmicis, 479, 480 
Treatments of :fibrous material, table of, 19 
Trehalose, 121 
Tri- and tetra-alkylated glucose derivatives, 
144 
Triethyl cellulose, 125 




Triose derivatives, 133 
Trisaccharides, 122 
Turanose, 121 
Two-dimensional elastic problems, 387 
Typhaceae (Cat-tail family), 182 
Ulmaceae (Elm family), 201 
Umbelliferaceae (Parsley family), 226 
Unweighted silk, 6 
Urticaceae (Nettle family), 201 
Use of ammonium hydroxide as a pulping 
agent for the grasses, 25 
Vacuum-tube potentiometers, materials for 
assembly of, 168 
Valerianaceae (Valerain family), 239 
Van 't Hoff-Arrhenius equation, application 
of, 509 
Variational problem, direct method of solv-
ing, 388 
Verbenaceae (Vervain family), 232 
Violaceae (Violet family), 224 
Vitaceae (Vine family), 222 
Voltage sensitivity, 165 
Voltage suply, grid, 167 
plate, 167 
screen, 167 
Water alcohol and ethylene glycol, distilla-
tion of, 384 
INDEX 517 
Water-holding capacity of alcohol-gasoline 
blends, 461, 462, 463 
temperatures for, 465 
Weighted silk, 1 
Weighting agents, 1 
Weighting of silk, determination of, 4 
Winter survival in Iowa of plant lice, 499· 
Wool solvents, 69, 70, 71 
Wool solvents, 57 
potassium hydrnxide, 57 
Xylan, 123, 448 
Xylan-a=onium chloride agar, use of, 408 
Xylan, bacteria fermenting, 407 
of agricultural wastes, 407 
quantitative determination of, 408 
Xylose, 135, 448 
distillation of, 446 
ratio of, to phloroglucid, 443 
Zygophyllaceae (Caltrop family), 220 
